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"METHOD FORWAOPRIOM2ES A RESIN TO A SUBSTRATE FOR USE | N' PAPERVRRITRBYMIID OF
THE | NVENTI ON The present invention relates to a method for applying a
curable resin to a substrate, and nore particularly to a nmethod for

appl ying a photosensitive resin to a substrate to forma web patterning
apparatus for use in papermaki ng. BACKGROUND OF THE | NVENTI ON The
application of coat MEFH(HNMRS\BHSYINGQAW ﬁ‘miAfSiaBS’d‘MTEgs to

substrates is known in the pa ]gq*g m&wﬂce it is known to
apply a photosensitive resin ?‘Sj ﬁg%ﬁf n a presel ected
pattern for use in a papernaki ng operation. Is al so known to provide

paper maki ng press fabrics with a coati ng, such as a foamcoating, to
achieve a controlled void vol une and ermeabi i tﬁQThe fol |l ow ng docunent s

describe the use of resins, fHIELRO WN‘WN ) constructions, or

ot her coatings in making papermaki ng- equi pnrent: U. S. Patent 3,549, 742
i ssued Decenber, 22, 197Q to Benz 446 87 to Eklund; K U.S.
Patent 4,514, 345¢BIEOY 1 ‘\0"36"&‘&5938 3 ansihoeh o, apph g a LP epggsimto a

31 637, 853 iﬁ&gﬁﬁﬁé &dtmm ﬁzﬁtmﬂlﬂﬂ% t% @ iFE)rediddafnr dppsuggat plmtoshdﬁﬁwgelkﬁﬁxth t&sallgg ,
anuary 0 e ot Bltemith 5 t ept ssue re
to Snurkosﬁ\?b g‘PE t"ﬁ?&‘%ﬂ?"% %ﬁgggo |"§§%é§a er 13, 1994 to

Barnewal | ; U. S. Patent 5,334, 289 issued August 2, 1994 to Trokhan et al.;

and PCT Publ i cation Nunbernwmmmw 3, 1991 in the

name of Sayers et al. and assjgned to the SCAPA G oup. al so known to
i mpregnat et ext iThe application of cpatingsy, A§ FesHe COAlRSS &H@I &’éﬂ :

vvl th resi ngubstetesiis | iglowip ire thel ﬁapeﬁhﬁkih ldr@WiFg ideRnes; it 9s dadwnl ibeaﬁﬁl alse

2l s, pRbURRensitysoTesitq 8 (RBRnys nspheL i B PRSReE Ragiepdor Goe ”35 @
UI S, Pa'éI egpaﬁnxﬁﬂm 1E’-?dipf:t‘:ttloiiu nitiis aisodtnqwxikosll:r idecpdpeimaldfig présst fabliesith &t
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al. .+ and RELARUC SR A soidn Elatide® b5 BUREve' Y cknddited VIR Jo@n%(l n@ 9nd @Eﬁﬁar ﬂ&: ng

a portion resin. on orma paperna
i s desi r ablThet follosyipg cdogvamenss daseribe fﬁhsrn“ﬁeo%ub@ﬁmé{ ill % O%EPSsofla)(m%dJred

resin froneéfigustiéist I %tlhe? boatigS 2 xﬁﬂoﬂ alﬁﬁ Ueduipfem? PETSTE RARt

ooper 1S ELdo0S donk Sceaii . 54 ﬁmﬁ@ét i 16 R 1487

f1exibilitPateht 4 B@4,399&§s&édl$\pnl 30\J\ﬁ)983k@7&ﬂﬁon et al.; U.S. Patent 4,637,859 issued
T e S ned Yatl) 596880 her et
s U S Patent 5,098,522 lssue March 24, 1992 to Smurkoski et al; U.S. Patent
5,346,567 issued September 13, 1994 to Barnewall; 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. '
It is also known to impregnate textile fabrics, such as needled fiber mats and felt
" material, with resins and filler materials. The following documents describe the use of
resins and/or fillers in fabrics: U.S. Patent 4,250,172 to Mutzenberg et al; U.S. Patent
4,390,574 to Wood; U.S. Patent 4,464,432 to Dost et al.; U.S, Patent 5,217,799 to Sumii
et al.; U.S. Patent 5,236,778 to Landis et al.; and Reissue Patent 32,713 reissued July 12,

1988 to Woo.

After curing a portion of the resin on a substrate to form a papermaking
apparatus, it is desirable to remove uncured resin from the substrate. Removal of
uncured resin from the substrate is important so that the resulting papermaking apparatus
has the desired characteristics for its particular papermaking application. Such
characteristics can include, but are not limited to, flexibility of the apparatus,



apparatus, and water perneability through the apparatus. | Renoval of* uncured

resinis gﬁm& ly inmportant in a papernaking apparatus hgy t erned
resin sur‘?é@ %h openi ngs through which air and/or vvaterq’iasI; éc%ﬁ@@id
during formation or drying of the paper ,web. Uncured resin remaining in the

substrate can reduce the perneability 012 the substrate, and thereby reduce
fl ow t hrough the openings in the patterned resin surface, One nethod for

removi ng uncured, resip_ includes ywashin cured resin fromthe substrate.
For i nst a?RFEPf"é%B‘i‘Q’ p @E@BH%B'SU.X\‘%?Q’#%? oh °&PB¥&E‘§43"&PF§’E?%&1§¥ thiqueh the
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by vacuum ng of, residual. wash | i giu ncured Liquid fromthe, foram nous
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and vacuufH éqees%ﬂéﬁsmﬁ?r égg\é%f? E’“EB‘gtﬁ-gf Fagent 443 f@ dﬂﬂ‘f‘f@&%éﬁs some
appl i cat i @suréd résiy fiven de foraminoust membet formddhef dafveh HlanpanctfoRéwed byf t he
resin intg the.subgtr

ate, For instange. it .ne. desirghl e to have,the
Coreq rosTarupias of shadL el 1A 308 nchiss Ty T ohe AREHiRS MEGBeBT ¢ ne
subst r at eHowevers washingcanddeacauming, alone, lvan dienipefféctivecinr rmaving all kmcured
substrat eecithil € maintaining the flexibility of the substrate and the
permeabi ity of the substrate to air-and water. U S. Patent 3,549,742
i ssued Decenbed felt orppen celledfoam sbstratgsan hawe a large pumber of eplatively smalli nt o

a]p?rt u \rAEjSinhéinﬂ ﬁ{ifdid&&ﬂﬁs W?ﬂbl?rclaﬁ\'f&dphuﬁﬂdr%d gés!iﬂ. {r&xtehw@pe@pﬁamfearmﬁﬁadaaage, f
after i a,settalle material is inserted into the renmi,ni ng.apertures o
e dr ot riRREdAIR SRR OF ik RAPEFMANGE Bpwats, 37 RN AHOP ol RAdip
t hr ough tsuehdrapped gesinrisdssentiatlyt wased, mddingnibabe cdstoftbe resin eastingqrocess.i S
fixed or I | 1)L ter] ' v, t
dr ai nage %e%g?lﬁgﬁ%&{}ﬁ}enh%{ gtgéé%/dasrﬂl%a%g ﬁ%@k to}fév%sl ea(riﬁn%{cgﬁna |less
arranged also incgraseicthe castEtheproeessn prior to application to the drainage
menber, and t hitdrédved! il 86186 | applicatidnsPR MaP BeedesirabR id1@okkkall fiRO8epik BTET
such that predeterpined areas,of the dI’EI nage nmenper ﬁ-)rée | eft free of the
filling reqnefation ohthegesin into,the spbstrate. Eor nsiance, it-may be desirablg e by e o
can be fieured resin luyetl porienagea prodeetmined portide dof the thicknpssosfcthersabstente, sveas
of the drai page nber ty f ' SAUNN i . . ses
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PCT/ US97/ fl&&bility of the substrate and the permeability of the substrate to air and water. |
- U.S. Patent 3,549,742 issued December 22, 1970 to Benz discloses inserting
filling material into apertures in a drainage member which will ultimately be open for
drainage, after which a settable material is inserted into the remait_xing apertures of the
drainage member in the predetermined areas in which flow of liquid through the
drainage member js to be prevented. The settable material is fixed or cured, after which
the filling material is removed from the drainage member. Benz has the disadvantage
that the filler material is arranged in a predetermined pattern prior to application to the
drainage member, and the filler material must be pressed into the drainage member such
that predetermined areas of the drainage member are left free of the filling material.
Abcordingly, the pattern in which the settable material can be fixed to the drainage
member is limited by the predetermined areas of the drainage member left free of the

filling material.
Also, Benz uses pressure to mechanically force the filler material into the



.3 drai mage menber. Pressing a filling material into a substrate can suffer

fromthe dwgpshwavdeage that, if the substrate has many small pé&rRIsPR3sYL! S,
and is relatively conpressible, applying pressure to the substrate can

col l apse the substrate or close sone of ghe voids in the substrate, thereby
maki ng penetration of the substrate by the filler materi-al difficult. In
addition, pressing a filling material into a felt l.ayer can result.in the

{11000 mebationt BLANO ekl M Ak gal s BRL e i o BRI
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of applying_ a curab bstrate to a_paper nma |ng apparat us.
The net hodolothentaids imthe wbswte, thermbycdaking nenglistonopf Hhyt thechllert i ve
resin t hatmateriaPdiffiutel t o be renoved from a paper web patterm ng apparatus

ble f h || I . the_ ' .
Coachings of NoRuMUNaprspi 8T et and ik dufesiBh ool in ) Bmee
al . di scl anaterial frowingllatéraliyp jrity iareps tdfahé félt shichpare mednt to be Heﬁwbﬁ'ffdixaﬁﬁ to
Poci b o' 1ol AARRAL' THHSRLE, 3 BbH USBALI ] Ben? 0 thilfraflc e n

resin to the subs curing sone of r esi
resin |ay@pp@rmgn@umblmmmtteafah&ayer.en renovi ng at | east some of the f| |l er

material fromgke 6t Rty OBUR SO EMFRAE of W hcRerS
r.n Far

suitabl e as % devva elt The met hod o s successful

in fornm nPPPHENS 3 surablk F'?ﬂj‘ W substrats tefapp ,ag;a,ggngpqug aPRsratyp cFhemethed afoam
subst r at e, MeRarldifisetGi redu@sithe amduntioPihvgdd phitosensitive iresih ithdt i8frequiRd to

curable r s ntot surface of t substrate air., can.be t ped ween
Che-cur abl ekt Bom s AR Ve baferBing sipptabys 0t ot ek et DaVioe: o
in the vondsuaﬂ(y dlhezmlblmpmerm pﬂheemohmgseoﬁmﬁpdamhm liereim insozporated byhe

air then g s, or floats, into the resin, formng bubbles in the resin.
Subsequent curlglg of the resin permanently traps the air bubbl es,

conproni si ng_ t¥eFartandgtial.disloses & raethed of eaplmngtthaé‘tllar materiad to thessbsteatef
air bubbl ag ddauﬁmt %Hs@goxﬁ@%mh@fvtmtﬁ the Sublthdt&Bdpplyitg Aedrhblé 1REintdBethe

paper maki n ar at us. t.he per maki,n rat us durabl
o5t o ar ¢ TBAEHE ARG 2 6 TIPS 5 P16 B d0 FERviLad SOh ApYeG CBIHE SRS pod
produced. thén mremetvingnatoieasti sorhelluifl the ﬁlmertimteraklfromshdmbsm&etmdnaverthy for

t he speci fs‘u &imﬁﬁgqg&n%lﬁ%hhﬁ&blpﬁ?&@egﬁgg ffce they present an

uncontrol I'ed varia rOcess a_ paper maki appar at us.
Accordingly, okhs otsthast oﬁfhrftcﬁarland/@htalonsusyccqss dui fymingrethe opapeomaking

reduci ng taﬁ:?aﬁﬁl%“@&mgﬁmhéaao?élg ot peh“@e.tﬂeasfdaﬂa %uﬁﬂa@' But’ & Bné QigrifiCHH €’
MDAt e R wBack Ulson application of the curable resin to the surface of the substrat be
pon application of the curable resin to the surface of the s € air can

trapped between the curable resin layer and the void-filled substrate. The filler material
in the voids of the substrate preventé the trapped air from escaping.” The air then |
migrates, or floats, into the resin, forming bubbles in the resin. Subsequent curing of the
resin permanently traps the air bubbles, compromising the integrity of the cured resin
structure.

The presence of air bubbles in the cured resin affects the ultimate durability of the
papermaking apparatus. By making the papermaking apparatus more durable, costs are
lowered and a better paper product can be more consistently produced. Elimination of
air bubbles in the resin is desirable not only for the specific impact on durability, but also
because they present an uncontrolled variable in the process of making a papermaking
apparatus.

Accordingly, one object of the invention is to provide a method for reducing the
amount of trapped air bubbles in a curable resin for a paper web patterning apparatus
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PCT/ US97/ 13571 4 suitable for meking paper having visually discer n| bl e

pat t er nsWOA8®IMGr object is to provide a nmethod for form MRCEHUSHNISTI
patterning apparatus having a dewatering felt |ayer and a substantially
bubbl e-free patterned photosensitive resin |ayer which penetrates a surface
of the felt layer and extends fromthe surface of the felt |ayer. SUWARY
OF THE | NVENTI ON The i'nvention conprises a nethod of applying a curable

resin tOsﬁntzﬂil@%‘érrtﬁilén bapd@a:awngijﬁrauytd@eﬁ%lb@dn&ag be used to apply a
substanti al | y bub

ree cura Qasubstrat to forma
paper maki ng A9 ‘ﬁ’é ect J§ o Jgo Yi‘dﬁaapé‘?etméito roforming f"a‘ﬁgl? é’aﬁ?mﬂlﬁpéﬂp%l&s o
dryi ng f dlaving.a dewaterng felodayerand a sSubstaatisidyl bobble{free patieriet phmmeﬁsxﬁve can
b d ' thf%
dgw;ts gl’l ﬁ'g“"?weyf"ﬁ"’w%f’ %@%&%@%ﬁ% pap %fe#g r{gn g%g%ﬁafﬁéhtﬁﬁ éf% oggb‘hsed |

to patterfdtlﬁﬁal' dewat er a paper web. The resulting paperneking apparatus can
conprise a dewatering felt layer having a first web faci ng felt surface at

a first elevation and a secqnd oppositely facing felt surface, and a web
patterning | ayer conprisi rﬁﬁm El'i/ WEJ%EW N-free photosensitive
resin. The dmtmvenﬁanf@m sayermaha@mlabmyﬁsgmrcum& fesinofePd shbstak. f fper s

?g“nlsﬂg | e t| alﬂg?,tﬁgaq?% %}gThe atteh“hg&!*)g%@eﬁ%enetr tes the first

cont act i rsgbdtna;e mfofmcaapapermalaag mpﬂamt\s\sach as aiapérewebn forfmingnfabirie orlpapa;t i on

o ovt des SSSEISR A BF e BB T Br PETRT
subst ant iteapplyf & isnbstansiallyt m&vﬂrﬁrmptmﬂsmsme rasin maﬁmm&h ayer to
SubSt ant pide & BeriRi!ahndn b uked EYeriid QUllrdl'd pepbEwdlCOnd

mat eri al s@E{prlor pllcatlon of the cuyrable r Browde
for flui d co A aPW‘F’?F%QC%B“% teng ’i‘dﬁ?%g’é WER t he
_SEC;)RCei iomwfl;elf;cxﬁgcfehmé asr iﬁesteele\&ioh dridua ‘*efn@‘“‘mwé‘ryof“ﬁ%{ falt s air
![ EI cknesg'&'ﬁé é‘l“gu%s '?'Fegt @LAQ%%"{% ﬁggxta ceonﬁlﬁfi l%hﬁ?hégé%}?ygs 3’?@&1 eﬁ% t he
subst r at @hotosensitive resint iThe d;rwatctmgcfgltduee generally comprises filamentsand £ibers | n
one embogefifinl ihidfeefl Vo o rm%ﬁﬂg?%i@eﬁ pétfetrafis ®d ftsh GelP ofiricB DAY

l'iquid resin; prow @gﬂa Su at’e Irst. surface and a second
surface, exisads ‘%%hﬁﬁ tpifopn 2 H@f’l‘iﬂ“ﬁﬁ“@&ltﬁ% surfacs Ataisgsnd ne

f! rst anfé]e&@ﬁ&ﬂdxffe%nﬁmmemahbﬂ ofu’wsﬁrrsafeﬁml sing a second mat erial
o1 erent T Beacd ablaghall the ikl AaRBECBR B Bl M
provi de Wiffsrentcioonmthe catablenresing applied fo substantialty 6l the mthzstmabmidabﬁ theo t he
second sypi Gt Bhd SHEsttthily’ &af the fibers of the felt. Some, but not all the second
material is removed prior to application of the curable resin to provide for fluid
' communication between the first web facing felt surface and the second oppositely
facing felt surface. Such fluid communication permits air in the interstitial voids
underlying the resin to migrate through the thickness of the substrate and to escape
through the second surface of the substrate upon application of the curable resin to the
first surface. In one embodiment the method comprises the steps of:
providing a curable liquid resin; _
providing a substrate having a first surface and a second surface, the substrate
comprising fibers defining voids intermediate the first and second surfaces, and
the substrate comprising a second material different from the curable liquid resin,
the second material coating at least some of the fibers;
wherein the voids adjacent the coated fibers provide fluid communication from-
the first surface of the substrate to the second surface of the substrate;




WO 98/ 07926¢ b PCT/ US97/ 13571
5 renovi (ﬁsrd'/fﬂSt some of the second material coating at pepwseHEH Of

t he fibepgl; applying the curable liquid resin to the substrate after the
step of renobving at |east some of the segond material; and curing at |east
sone of the curable liquid resin to provide a resin |ayer on the substrate.
After a portion of the second material coating is renoved from at |east

f the fib bl first
Sorface of t FmYins of 5 S5 BTl FEbM ksl Fihudg F R e S b inéesl 0
surface, and appiymgt tha dumbleliquidgksinite the blsbsnateafm ghe dsperfriementing attleast e
fromthe first S%HE) @qﬁ s&%ﬁ&#ﬁﬁeﬂﬁe&ﬁ is fluid communication fromthe f| rst

u

surface of the s second surface of the_ substrate, upon
appl i cation ouringat deashispmerafsthe ewrablecliquid sesin tor providsr atnesinslaen onitbe air
can freely esca&gsﬁgéough the substrate rather than mgrating |nto the

resin to be cu as Lra d air. pubbl.e DESCRI PTI Wi | e
t he Specifi caﬁigeﬁ m?‘bgg CHFEIRd IR %‘Pﬁéﬁ{%‘?‘%&%@?ﬁgﬁ e
di stinct| )ﬁb&glmbrtgxréme résie cant then benapplied tohthei firsesutface wflthe b;ﬁbftﬁité 26

aooe ot oPetP e S e b AR B iG] BePRTbVIAR OF il Subetle

reference amdctaimmad\ distdficg fram the first spiface. vBecause Ithare naﬂu@cmhmucauon

07 or oo SR B AR Sl 1P %@gg?ﬁdh‘pf‘hé AR R o é’éﬁ'?tew b3 <

an i | | ust rapplietioprofhe perablegesin to thg firgy fférOVﬂ’l Fubstiats, ajygandieel gscape

appar at us thidgh ahé @ubitite rathéhthaftiiieatingf iftbehdresig b bevaret @nuaﬁea%? _
4A- 41 arebgﬁggrratlc illustrations of steps for making a web patterning

appar at us Fdi ng to the nmethod of the present invention. Figure 5is a
schematic illustration of a method accordi ng to the present invention for
maki ng a web patterning aww MWI ng layer and a web
patterning |ayer fornmed from Sensi |ve resin Al LED DESCRI PTI ON OF

THE | NVENTI ON Whigirthe Slpeaﬁitanorar@npludas twith i alaimsopaticplapyr pointing owtband
support  apRaimily tlamingHeChreseit 1H@edﬁﬁﬂetﬂéﬁh%doﬂewmﬂb@%naf uﬁ&h@st@é@%?ﬁ

ot i 532@92‘@10%@5“ Lcipion kS i SouRsionciih i paiseiast BrdRecan sgagh |
sur f ace oflikeletenhetits areal¢signated by thesanee Rferéncesunmeralsarad:
Figure 1 is a plan view illustration of an apparatus made according to the method
of the present invention.
Figure 2 is a cross-sectional illustration of the apparatus in Figure 1.
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.
Figure 4A-41 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 invention
for making a web patterning apparatus having a felt dewatering layer and a
web patterning layer formed from photosensitive resin.

DETAILED DESCRIPTION OF THE INVENTION
Figures 1 and 2 are illustrations of a papermaking web support apparatus 200
which can be made using the method of the present invention. The apparatus 200 can
comprise a substrate, such as a dewatering felt layer 220, and a cured resin web
patterning layer 250 joined to a surface of the felt layer 220. Figure 3 illustrates a
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process for neking a paper web using the apparatus 200 shown in Figures 1

and 2. WPJBOB64A-41 i|lustrate steps according to the prRGRPSS7TASMENt| on
for making a web patterning apparatus 200 by curing a photosensitive resin
on a surface of a substrate. Figure 5s a schematic illustration of one

enbodi nent of the nethod of the present invention. The Wb Support _
Apparatus Figures 1, 2, and 41 show a web support apparatus 200, which can

conpr i seréceso vl making & paperow b&ldsin‘gmmgk h uﬁa?k_) isﬁ@@ﬁtih”%gﬁgeﬁait' Lﬁ% X t282a
paper . r as a first.wel facling side

i %ﬁe?%%é‘éﬁé@zéﬁ TR, ORI fob kiR acveino s
vi ened \patterningeapparaius 00 byaciring & iphetosesitivercesth oha surfacerofi disklistaee 1.
The web : ' o] ok ' i rstitial

voi ds. i rﬁi %L?rgrgdlisa?%e %T(l?ést?gn %%@ghg%gﬁ re?%tc es %ﬁtﬁﬁgﬁ?\éﬁ@%a&eﬁe Agpsent

i nst ancdVeIfiensybstrate can conprise a dewatering felt |ayer 220 having a
first web facing felt surface 230 di sposed at a first elevation 231 (Figure

2), and an oppositely facing.second felt surface 232. The felt |ayer 220
has a plurality of filament sTg%We}rﬂ‘ﬂpP BPBHYS def i ni ng voi ds internediate

t he f: rst sFiguree 1220 anddl tshews® sebdsuppoftoapparkius 26%;ewmnh@ufmﬁﬁs@phgar at us
200 al s L . [.Ni DO r 250 . joined to the firgst

o0 g’ SRS 3i3ind ML e ek B 00 it ibe 2 Darleth 15 2 per ety TR waby s

felt suseppost apperatuss20ihhasm finst wely facingside 202/eid a1 secandeppositelyficingasideo p
surface 0 ﬁg&g b O y {Ear fi | evation
231. Thgag'i_;‘l?%nieér?ég GZaﬁl gur%@ﬁ%‘g@&%tﬁﬁieh%%f%eiﬁgvsg{eﬁggﬁgg'ﬁand the -
second HheNiewenin Eigaredan be at | east about 0.05 nmillinmeter, and in one
enbodi nent  The berkbasnBpert Mppafdtis 200 inblades 2 Subdirhle! ARViRg Sin;&élﬁiai’ﬁ%ﬁ&se” ng

felt | r 2 ' t I ' bl f
cont ai nigrsiasy HpvioendaeRppd itk BF ot SusRBf) SForieriaics the substrpicape
pat t er nicomyptise/& de@sring feltlayer 22fp having adfirsoweb fiming foltt surface 290 dﬁvpofelmt ain

t . R r
250" canif &5 clev B 9P (Figare ORISR bilibaii) Hhcing SRR ARG P2 BtV
cont i nu#fitlayer 24} hascrpluradity pf Glamests 244 ancifbers 245 defining oeids intepingdiate 1.
Al T er natlieVRtsy surffit® 298 aridPihe Secdnisurfate 2322 TIREweb SAFPYr Hﬁ?dféma Pliatus ?20 ra(lass?i .

ahi oh BTS2, HEP REGSTI i a3 PIQIOIBHS o S GIF Heb fhong Torater 430 e
subsequeeblpatteminglager 250cdxtendp dirom the firkt febicsurfate P30, tae showg ih Fithire Re@et r at es
conpr i ettt a8 AR GISB sulthed 280 i beBlnd ol oS BIY Hoen ESC 20
230 as elevation 28 hndhe diffeseuesr262 (Figure #H)ybetwesrathedirst elevation 23lpand then of
the websecond elevation 261 can be at least about 0.05 millimeter, and in one embodiment is
| between about 0.1 and about 2.0 millimeters.
- The dewatering felt layer 220 is water permeable and is capable of receiving and

containing water pressed from a wet web of papermaking fibers. The web patterning

layer 250 is water impervious, and does not receive or contain water 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 the first felt surface 230,

as shown in Figure 1. Alternatively, the web patterning layer can be discontinuous, or

semicontinuous. '

The web patterning layer 250 comprises a curable resin which can be deposited on
a surface of a substrate as a liquid, and subsequently cured so that a portion of the web
patterning layer penetrates a surface of the substrate. In particular, the web patterning
layer 250 can comprise a photosensitive resin which can be deposited on the first surface
230 as a liquid and subsequently cured by radiation so that a portion of the web
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first felt siOr e 230. The web patterning |layer 250 preferably does not
extend through the entire thickness of the felt |ayer 220, but instead
extends through | ess than about half the thickness of the felt |layer 220 to
mai ntain the flexibility and cor'rpreSS| bility of the web support appar at us

200, and particularly e flexibili ng conp y. of _.the felt |ayer
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ore size.o secan e he
Elewat eri ndnqlgq&q g}“a grnoz%méﬁg%ggtg}aicﬁﬁ %s 8’P°€§?‘§é}§ﬁﬁ§§oﬁ T$ such as
m | i met erpelyestér and)nyloﬁ iTihe [fibers 245sfrom \bblch sheieatiy240 is ffoimed sanrhast o denied O
and about &%&&%ﬁ%ﬁﬁy@?@cﬁ%‘%ﬁms’ﬂ%%@ 8{2@ oF Afhetif (basis wei ght

di vided byt ness ram per Ic centineter and
about 1.0 granthsdeltdaysr 220 £an haxe erlaymcqwumwrpénﬁ@ae.cpmsw npixtuRe of
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Pt ot hdishosell adipa he BIRE Ht SuriaRecatth o Gre emBodifeat. e E6it s 220 6837
pressure dﬁ@@a&d&ﬁﬁﬂyhh‘gh ddmsnkandselmﬁvélylsmhﬂlmrd azeadjﬁémtdmﬂdst felt smofave 0.5

moasuri ng 005 Gaprar B ARRE phd Yore ARGERHG R Wit B0, RERBERER Y

Corp. of Purfe¢e?32inl and. The permeability of the web support apparatus 200
Is l'ess than %eed}%keﬁ feli9ay22 270 28h hate/ a HickdeSs bEbétweay 8bowt 2Wmilfimeters abl e

e S ot Wi oo
of about 3Iquark Imémt, ah, avara@a%leﬁsme(lﬂhis Wéxghbdﬂideﬂ@OﬂmHmsn)mfdmmmrabom air
per et | Shed bR ikl A 5 it P Al SRR BRE o
cabl ed norpeﬁntabmlmﬂytofcb&tweemabﬂut feand about 300 standard cubic feet per minute (scfm),
where the air permeability in scfm is a measure of the number of cubic feet of air per
minute that pass through a one square foot area of the felt layer 220 at a pressure drop
across the thickness of the felt layer 220 equal to about 0.5 inch of water. The air
permeability is measured using a Valmet permeability measuring device (Model Wigo
Taifun Type 1000) available from the Valmet Corp. of Pamsio, Finland. The
permeability of the web support apparatus 200 is less than or equal to the permeability of
the felt layer 220.
A suitable felt layer 220 is an Amflex 2 Press Felt manufactured by the Appleton
Mills Company of Appleton, Wisconsin. Such a felt layer 220 can have a thickness of
about 3 millimeter, a basis weight of about 1400 gm/square meter, an air permeability of
about 20 to 30 scfim, and have a double layer support structure having a 3 ply
multifilament top and bottom warp and a 4 ply cabled monofilament cross-machine
direction weave. The batt 240 can comprise nylon fibers having a denier of about 3 at




direction weave. The batt 240 can conprise nylon fibers having a denier qf
about 3 at WD 98/ 07926

PCT/ US97/ M@ 93/0W26 he first surface 230, and deni er of bet weBGTAIRIWISID- 15
in the batt substrate underlying the first surface 230. The felt layer may
have a relatively high UV absorbance to & d in curing photosensitive
resins. Such a felt is disclosed in U 'S. Application Nunber 08/640, 452 of -
Ampul ski et al. and is incorporated herein by reference. Suitable .
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transferring the e c web 543 to the web support apparatus 200 can
‘sinul taneously include the step of deflecting a portion of the web 543 into

ropeni ngs 270 in t he webyUgebf the'Web Suppcit Appatatud td MdkePape- monopl anar web
545. The st eIOSF igure 3 illustrates use of the apparatus 200 in making a paper web 20. A 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 altematively,' can be in the form of any of the
various twin wire formers known in the art. The web 543 is then transferred from the
forming belt 542 to the web support apparatus 200, with the embryonic web 543
positioned on the first side 202 of the web support apparatus 200.

The step of transferring the embryonic web 543 to the web support apparatus 200
can simultaneously include the step of deflecting a portion of the web 543 into openings
270 in the web patterning layer 250 to form a non-monoplanar web 545. The steps of
transferring the embryonic web 543 to the web support apparatus 200 and deflecting a
portion of the embryonic web 543 can be provided, at least in part, by applying a




transferring the embryonic web 543 to the web support apparatus 200 and

deflectin on of the enbryonic web 543 can be provi dggrasier t in
part, by gr)%?gl}ﬁ%&a WO 98/ 07926 nH

PCT/ US97/ 13571 9 differential fluid presgure to the enbryonic web 543 by a
vacuum source 600. One or nore additional vacuum sources 620 can al so be
provi ded downstream of the enbryonic web transfer point. After transferrl ng

and def | ec@m&nﬁlgﬁﬂlﬁﬁgﬁﬂé%n Cro/\He éﬁﬁybﬁcf&éﬂij‘% WOPac ggﬁlnﬂﬁ%u a h p%g'oo

the web 545 |'s carr

ort appar
provi ded bapwadditio mm@i’ﬁ %Faﬁpwwo eRbrypsic
transf err egeb Gamyfer lmed on the surface 875 of the drum 880, and then

creped fromth surfac 875 b oct or ,bl ad 1000 t crep aper'
web 20. Prior e‘Ern:é‘H Bing ﬁBX &%ﬁj"xﬁgﬂ sthe ¢ W@“blr %nagé E?mf ‘EF
can be f urmbasplaieitateds B15, ﬁmmbsiﬁkycamabmmgmhmpbhrapmnﬁwmdhmn fa FOI’

oo o co SRR RBaNErRLE®E e T il B Sa WIOIRF B0b] oTHE Bebi 22

Pat ent AppiransfartedrioSudi dxiedwrrﬂmsw&cs 5a¥ the dpam 8805 sadi theapcsepedsfromnite
Met hod of FR efggﬁz il-%ed ski
et al. The%bf'gaﬁsg?a terﬁtbiddg?:?r?e@gf Otggﬁc #ﬁgrat ed Qerel n y rﬁ@ﬂgnc;

in their cheiveky 5 d‘Y‘%’sFﬂb durther dewatergd,suche ‘Fﬁ Id web
ig |U St @sﬁﬁ 61"5 %nrgﬂﬁxhﬁ : :ilé!zdhilﬁanébg%ﬁ ﬁv@bEhﬁ'bEQﬂessh&ﬁaa

icatiq |a unbe ternin ra rls,ln a
Felot Layer t&'eﬁ’h aﬂ@%’?ﬁ‘s% ? iSrRAga Lf#g‘%‘ %&Cﬂz asHe I8

Nane of Trdxkctiesedenlhs Patéﬁt&p;ﬂhamn Senigd Nuraber ©8/358;66d | " WetrRressed PapéroWeb 3

RESIF)g::I ISJ;\[ erconnect| ngﬁ%ﬂ?h}ﬁ!‘%@ﬁ i?rﬁann%érgﬂgeg?gnis :@g‘g)@gﬁﬁ -B%g}ﬁ#&lbﬁr}tt

El evat i onsal atpa@nhmptmm%rs inearpoyated hgrain by sefetence in their pmticety o,
1994 in t hl%r seTépJﬁbaasxﬁ hdhw to Rialle | pattefiRE D 20:01U.S2Pareht $520,280

Nunmber 08/.358, Pa an .t hod
filed DecdSthed Eé' g@ iﬁg TS \ahgfm%t!°nagen?lx§§}‘w§“a %zﬁ@ﬁm
Suppor t ApMélaPauemiéighAWtﬁS oniprisite RFe]t rLaQerr aﬁl ®PhotosatisitiviecBesin Lagerheb
support a I r I ng
steps ill %@Mﬁ 2l%hq2§§3flese ﬁé}ﬁ? %?C/Kﬂ{é’u gl € i ? rgéglﬁeﬁbﬁg%?‘%hwr st
surface, . Nuwbem 882681243 c"Paperi Sructuresc ﬂrlaymg a thmth bBegigns Ineludwg a
phot Lié'niIgﬁ‘%‘ﬁ?‘ﬁiﬁﬁﬁﬁ?@%&‘*‘@eﬂgﬁra‘ﬁ“ﬁ? o ﬁé‘@%? ab Diffiech
phot osensiFlevationg<and Apparatps an %'\' une Py Y 5% ded
i s a devatgime6f Tedkhah @y al.; 224 U.ShPatefit hpbﬁwon Serial Number 08/358,661 "Wet
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Making a Paper Web Support Apparatus with
Photosensitive Resin Cured on a Felt Layer
The web support apparatus 200 can be made according to the preSent invention
using steps illustrated in Figures 4A-41. A substrate is provided having a first surface, a
- second surface, and a thickness, with the substrate having interstitial voids intermediate
the first and second surfaces. A liquid photosensitive resin and a second material
different from the photosensitive resin are also provided.
In Figure 4A the substrate provided is a dewatering felt layer 220. The felt layer
220 has a plurality of filaments 244 and fibers 245 defining interstitial voids 247
intermediate the first surface 230 and the second surface 232.
Referring to Figure 4B, the present invention includes the step of applying the



220 has a plurality of filanments 244 and fibers 245 defining interstitial
voids 247 internediate the first surface 230 and the second surface 232.°
Ref er ri ngvO@88T936re 4B, the present invention includes the POTESIBI3ISIPpl yi ng
t he WD 98/ 07926 _

PCT/ US97/ 13571 10 second material, designated by numeral 2000, to the felt
| ayer 220. The felt layer 220 is conveyed in the direction shown by the
arrow in Figure 4B. In one enbodinment, the felt |layer 220 can be conveyed
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or may not f uITlhp secoid maﬂaaabxs@t&'erdbdy easily dpplied trethe snbstrateso estoufpllyoeabnd

material b, IRy 945 SHE the HlahBis 244, and is preferably easily removed from the
interstitial voids of felt layer 220, to provide fluid communication from the first web
surface 230 to the second oppos1tely facing felt surface 232 prior to application of the
curable resin to the felt layer 220.

Referring to Figure 4C, the present invention includes the step of removing a

portion of the second material 2000, such as by the use of a vacuum header 2610,
leaving interstitial air-filled void areas 247 among coated fibers 246. The remaining
second material may or may not be substantially uniform, and may or may not fully coat
fibers 245. It is only necessary that enough second material be removed such that the
air-filled interstitial void areas 247 yield fluid communication from the first web surface
230 to the second oppositely facing felt surface 232 prior to application of the curable
resin to the felt layer 220. In a preferred embodiment the coated fibers 246 are
substantially fully coated with second material, and substantially all the second material
is removed from the interstitial void areas. |



air-fil'led rnterstitial void areas 247 yield fluid communi cation fromthe

first web worok®eme6230 to the second oppositely facing felt sefresenisy
prior to application of the curable resin to the felt layer 220. In a’
preferred enbodi nent the coated fibers 246 are substantially fully coated
wi th second material, and substantially all the second material is renoved
fromthe interstitial void areas. WO 98/ 07926
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bel ow. I n dne enb I nvention 1 nc Sste
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The phrasebelewangi ng the phase of the second material" refers to a

di sconti nuous gcha cert erti of t econd terial_ at_ a
definite terrpeﬁ’a?’ff?gn gl&p%se%ﬁ %ﬁﬂ gy ?§r$§§§°8f° 8ing theyphase
mat er i al |oﬁ;ﬂhadndhmtgnangOQngplmﬂmfeltdﬁydrﬂéo.s The plirase 'changing! the phasewfi d

phase or PN 'ﬁm B rét Ak Aol d@ﬁf %?""ﬂﬁﬁ%mﬁk%%&fiﬁﬁf PR ¢

a gas or |mq ghasde Mcawmmatme M@gsmMng Ehanging [the phasendf the eedont
i ncl ude, bﬁhteﬁamamdeg b 4 Bas bme%ffm@&csﬁwnﬁ&mq; f’ﬁ%;gfd &t solﬁt#ﬂahé“ ng

t he second ,materi al sol Igﬁh%l ng t second mater]a f.reezi

gel Ii ng t hehaogingng | me rnhaqe ﬁecoaﬁb@meﬁehfo a gas phassner pelicd phay
under goes chappingea s6lixh phader sfinhe secdndimpateaiab té @ gaslordiguid phasee Ekamp les of

| 65"t nan DS¢ ehibddicon BHDGLAN nfullal efide, B8 G4 '?qqo'ﬁﬁstﬂﬁdfﬂw?iﬁs%she
cured resi se):omhmtcm?,esthaﬁm thel second matesizhandt solidifyingthersecénd matedialibyr ee
material L%ﬁ‘**@'&a&‘%?“@fo R el P d Mt ur o of et o
and a gel | i ng Iagnet embodimest, éb%\ﬁ?ﬁ!’n@éﬁ*ﬁ@ﬂﬁlt wpdergossacphase ehgnge fpmaa selidi on
of the secmde Bl @iqum fiarseat A fa-bmﬁ Bélow the Gethpéiatufe 4% whiéh%é)i:uféatr&in and
t he gelll en bea1 owed to cool .on the fel.t |ayer 220€8f0rm
a solid g gb% i ess anthe melting temperature or the decomposmont ture
cured resin), and more preferably at a temperature between about 50 degree Fahrenheit
and about 150 degrees Fahrenheit.
In one embodiment the second material can be applied to the felt layer 220 as a
liquid mixture of water and a gelling agent at an elevated temperature. After removal of
a portion of the second material from the substrate, the liquid mixture of water and the
gelling agent can then be allowed to cool on the felt layer 220 to form a solid gel phase
of the coating on the fibers 245.
- Referring to Figure 4D, the present invention can also include the step of removing
 virtually all of the second material from adjacent the first surface 230 of the felt layer
220, thereby providing a portion of the thickness of the_ felt layer 220 which is
substantially free of the second material ihcluding the coating on fibers 245 adjacent the
first surface 230. Where the second material comprises a gel, a layer of the second
material adjacent the first surface 230 of the felt layer 220 can be removed with a water




of the coating on the fibers 245. Referring to Figure 4D, the present _

i nvention can also include the step of renoving virtually all of the second
mat eri al WQM@H6acent the first surface 230 of the felt | aBE€FUSFNISTIher eby
providing a portion of the thickness of the felt |ayer 220 which is
substantially free of the second materi B including the coating on fibers
245 adjacent the first surface 230. Wiere the second material conprises a
gel, a layer of the second nmaterial adjacent the first surface 230.of the
felt | ayeshoiwd 2530. dtensnivelyd a\/laytdﬂ of theseeond mawfiad 80 BO tnoved from the felt
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ésour ce of ‘act hg egm;ga (tj<|> %t I On4k~', the present invention includes the step of curing at least
some of the resin applied to the substrate. In one embodiment of the present invention, a
liquid photosensitive resin is selectively cured to provide a patterned resin layer on the
substrate. In Figure 4F, 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 photosensitive 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 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 transparent regions 3014 in the mask
3010. The first curing step provides a patterned resin layer 250 which is at least partially
cured on the first surface 230 of the felt layer 220.
Referring to Figure 4H, the present invention can include the step of removing

uncured resin from the substrate after the first curing step shown in Figure 4F. In Figure
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material from the second surface 232. Showering and vacuuming can be repeated, as
necessary, to remove the liquefied second material from the felt layer 220.
In Figures 4G and 4H, the uncured liquid resin is washed prior to removal of the
second material remaining on the felt layer 220. Altematively, all the second material
2000 can be removed from the felt layer 220, followed by washing of uncured liquid
resin from the felt layer 220.
Referring to Figure 41, the method according to the present invention can include a
post curing step performed after substantially all of the uncured liquid resin 2010A and
substantially all of the second material 2000 has been removed from the felt layer 220.
A source of actinic radiation, such as resin post curing lamps 3180 is positioned above
the resin layer 250 to complete curing of the resin layer 250. Removal of all the second
material and all the uncured liquid resin from the substrate prior to final curing of the
resin layer 250 by lamps 3180 is desirable to prevent inadvertent curing of resin in
portions of the felt layer 220 where permeability to air and water is desired. The post
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of the resin on the first surface of the substrate. Exanples of Second
Materials for Filling Voids in the Substrate

Examples of Second Materials for Filling 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 prior to application of
the liquid resin to the substrate. The following examples are meant to be illustrative but
not limiting.

In one embodiment, the second material can be transformed to have a substantially
increased viscosity as compared to its viscosity when first applied to the felt layer 220.
By substantially increase the viscosity of the second material, it is meant that the
viscosity of the second material increases by a factor of at least 10, and preferably at
least 100. For example, the second material can comprise a solvent and a solute, such as
a mixture of water and a solute component which is soluble in water. The water soluble
component can comprise a water soluble resin such a polyvinyl alcohol, applied to the
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equal to about 50,000 centipoise. The increased viscosity of the gum and water solution

prevents displacement of the gum and water solution from the felt layer 220 by the

curable liquid resin. The "Handbook of Water -Sqlixble Gums and Resins," edited by R.

L. Davidson, McGraw-Hill, 1980, pp. 6-1 to 6-8 i's.incorporated herein by reference for

the purpose of disclosing suitable water soluble gums and applying and measuring shear

rates. '

In another embodiment, the second material can comprise a mixture of water and a
second compdnent, wherein the water can be removed from the mixture, such as by
drying or evaporation. For instance, the second material can be added to the felt layer
220, and the water can be removed from the second material, such as by evaporation, to
provide a barrier to photosensitive resin penetration of the substrate. The barrier can
then be removed from the substrate by showerjﬁg the substrate with water to wash the
barrier from the substrate. For instance, the second material can comprise a solution of
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degradation temperature of the curable photosensitive resin. For instance, a PEG having
a molecular weight in excess of about 600 is suitable. More specifically, the second
material can comprise PEG 1500 with a melting point of about 46 degrees C, PEG 4000
with a melting point of about 56 degrees C, PEG 6000 with a melting point of about 60
degrees C, and mixtures thereof. Altematively, the second material can comprise a
relatively low molecular weight PEG, such as PEG 400, which can remain a liquid
during application and curing of the photosensitive resin.

The second material 2000 can also comprise water soluble surfactants and water
dispersible surfactant systems. For instance, the second material can comprise a liquid
detergent solution, such as a detergent solution comprising anionic and nonionic
surfactants, an ethyl alcohol dispensing agent, and water. The detergent solution can be
applied to the substrate prior to application of the resin to the substrate. Such a detergent
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In another embodiment, the second material can comprise a gelling agent. Suitable
gelling agents include, but are not limited to, vegetable gelling agents such as pectin,
carrageenan, agar, animal protein gelatins, hydrogel forming polymeric gelling agents,
and soap gelling agents.

Suitable hydrogel forming polymeric gelling agents include at least partially cross-
linked polymers prepared from polymerizable, unsaturated acid-containing monomers
which are water soluble or become water soluble upon hydrolysis. These include
monoethylenically unsaturated compounds having at least one hydrophilic radical,
including olefincally unsaturated acids and anhydrides which contain at least one carbon-
carbon olefinic double bond. U.S. Patent Application 08/307,951 "Mild Gel Deodorant
Composition Containing Soap, Polymeric Hydrogel Forming Polymer and High Level of
Water" filed September 16, 1994 in the name of Trandai et al. is incorporated herein by
reference in its entirefy for the purpose of disclosing gel forming agents.
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gradually added to the water/NaOH solution. The reaction is continued for about an
hour. The sodium myristate solution so formed is then cooled to about 140-160 degrees |
Fahrenheit prior to application to the felt layer 220. |
Such a solution of soap gelling agent and water has the advantage that it can be
solidified to a gel phase at a temperature between 50 degrees Fahrenheit and
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support apparatus 200 from the forming unit 1513. The backing film 1503 can be made
of any suitable material including, but not limited to, a film of polypropylene having a
thickness of between about 0.01 and about 0.1 millimeter. _

As shown in Figure 5, the felt dewatering layer 220 in the form of a continuous
belt is conveyed about forming drum 1513 and a number of return rolls 1511 in a closed
path. Prior to applying the second material and the liquid resin to the felt layer 220, the
felt dewatering layer 220 can be conveyed past an infrared heating lamp 2310 to preheat
the felt layer 220. :

The felt layer 220 is then conveyed in a horizontal direction at a speed of about 1-

10 feet/minute adjacent a pipe header 2410 containing the second material. The header
2410 has an opening through which the second material is deposited onto the second
surface 232 of the felt layer 220. The opening in the header 2410 is positioned against
the second surface 232 of the felt layer 220. The second material directed from the
header 2410 is a solution of about 20 percent by weight sodium myristate in water
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per m nut egelkdsesandmatenial\erating shefibers 245 pishe feltrlayer226ut The nozdlessprovide
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 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 coating the fibers
245 adjacent the first surface 230, to thereby provide a portion of the thickness of the felt
layer 220 which is substantially free of the second material coating on the fibers of the
felt layer 220. The water showers 2510 can be used to remove a layer of the gelled
second material having a thickness of between about 0.002 inch and about 0.2 inch. The
thickness of the layer of gelled second material removed is less than the thickness of the
felt layer 220, such that between about 75 percent and about 98 percent of the thickness
of the felt layer 220 remains with fibers and filaments coated with the gelled second

220
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cont acti ng fiopm penefrating thdoughiout the pactiorpefi the thickngss of felt 18802200 Fi gure 5,
the thickness ofrpf ek 3016 Bsh B¢ forRt'bflafly suitable material which can be provided with
opaque and transparent portions. The transparent portions are arranged in a pattem
corresponding to the desired pattern of the web patterning layer 250. A material in the
nature of a flexible photographic film is suitable. The opaque 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 belt, or alternatively, supplied
from one supply roll 3012 and taken up by a take-up roll 3016, as shown in Figure 5. As
shown in Figure 5, the mask 3010 is conveyed around the rolls 3100, 1542, 3014, and
3016. Intermediate the rolls 3100 and 1542, the mask 3010 travels with the felt layer
220 around the forming unit 1513, and is positioned adjacent the liquid resin, with the
mask intermediate the resin and a source of actinic radiation whxch is suitable for curing
the liquid resin.
The photosensitive resin is exposed to actinic radiation of an activating wavelength
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the EIT UV Integrating Radiometer, Model Number UR365CH]1 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 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. If the gap between the aperture plates is
uniform along the width of the drum 1513, the energy profile will generally not be
uniform. The gap between the aperture plates can be varied as a function of position in
the cross-machine direction to provide a uniform energy profile delivered by the lamps
- 3150 to the resin pooled on the felt layer 220.

After partially curing the resin layer applied to the first surface 230, substantially
all the uncured liquid resin can be removed from the felt dewatering layer 220. The
uncured liquid resin can be removed from the felt layer 220 by high pressure showering




percent-bf each other. The curing | anps 3150 can be positioned side by side

I n the crosgosasdee direction (perpendicular to the plane ofpcringsi/ess?: )
For exanple, three curing | anps 3150 can be positioned side by side in the

machi ne direction. A pair of aperture pl ases are disposed internedi ate the
| anps 3150 and the felt |ayer 220, and are spaced apart in the machine -
direction to forman aperture gap through which ultraviolet light is

Total  ener oOf Gt 43P $20° PR vty BF ali bR, oihiote i Sulfalind SEharkl Cara
bug" such apoinhasdjaent te roll h542)thermask #Qal@.aadéh@bacm&lm mﬁ%ere sepaeedfiiomade -

by El ectronjg fémweva@oraaa a'Eﬁ elirdli resin 1873 teﬂxe&nﬁdsné't@méjew%@hﬂd
The |ight bug.c

to e casti drum 151 u _
D eqr ot ed BRI cBRFd,feein JIGT dBe SORveXRAn dlocesh WHHeL Showsss TCI0-  Thenwatee ¢
| ayer 220. $howeep2380 can bé angled 3 vemows tnawed yesin 20104 ifroat ties 6 s\indthe of

the drum 151 of the energy inparted fromthe |anps 3150 to the
phot osensi t?%"feg sﬁnygﬁrbe determ ned. If the gap between the aperture

pl ates i s unifofhe ahowerst 2530wdeliveroa spmay at wntdxﬁpﬁammfeabmgwmmfdegfeew Il

2ea Tunot | SanretelToioRefnorb16 S8R o3 SHEF Syt THE 1 e NBEASS HiESo0S:

uni f orm enehzty}ﬂ&)@lbpﬂﬁee é@m%r‘?fdib@}“ 01931 IleﬁbpsThisbo\tl@ dqiwenémnsmm ahoudn

the felt | asmyp 0The°§HoWer§323§’30 &id the Folf iaper 21%&19&' rﬂoi,emaferﬂap@eﬁﬂn&ﬂaurahe
first surface 2 , P}Lant rﬁ all the unc id resin Ca
|

red
renoved frdfh BReP tve, fa, ong,go t%e" Wﬂf"&g Apd |H‘i°‘6§‘h be
renoved fr cunifdmm rémbiralloﬂtbehqlﬂdresmhcrgbs lhe&ﬂdlﬂdfﬂ!élﬁlﬁayﬂguo WD 98/ 07926

i xture of sur o Sompolfe Gk taye 20 &RErmiln Byl LRl el n b Bhd il fively
3010 and t hs20afkistijledior deivBized avaters At:thistpoint; same ofithefgefled segond materialrisl
the partialdiy g&&&ﬂ Jneﬁienﬁw dﬁ%eﬁ@mbtf@ltfl% imepo&mﬁ@n&ngéﬁis@' 'y

cured resin er _are conv

ace ter
shower s 2535’58&43‘59"3' gb %&%@H’e’r §PW“EQ¥¥FA‘3 gr‘@fﬁft%ﬂg agd 2efim g s
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terrperature of t 60-90 hrenhelt t hrough nozzl es such as Spray
Syst ens Ted B2 ﬁ%?ﬂgi’%"ﬁﬁ‘ﬁk FO%0015, havi ng an orifice dianeter of
about 0. 031 i ncAfterTleaving thecbathi 3628, ¢he cmpesmrﬁltllayexmﬂtanﬂﬁesméa)gr isT¢aeried
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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 3170 is a Protherm heating lamp
manufactured by the Process Thermal Company, and having a power rating of about 20
amps. The vacuum header 2560 provides a vacuum of about 1-7 psig at the second felt
surface 232. |

The composite felt layer and resin layer is then conveyed intermediate hot water
showers 2550 and a vacuum header 2570. The hot water shower 2550 directs a spray
against the first surface 230 of the felt layer 220. The showers 2550 deliver the a
distilled water sprey at a temperah:re' of about 140 degrees Fahrenheit using Tee Jet
brand Nozzles. The shower delivery pressure is about 50-200 psig. The vacuum header
2570 provides a vacuum of about 1-5 psig at the second surface 232 of the felt layer 220




still present on the fibers and filanments of the felt |ayer 220. Post cure
| anps 3180 positioned over the bath 1620 are turned off while the conposite
felt 'ayeVOIBO7RAd resin layer is carried through the bat hPCEASITEISTt he
first time. The post cure |anmps are turned on in a final curing step

descri bed below. After |eaving the bath24620, the conposite felt |ayer 220
and resin layer is carried internediate infrared heating |anps 3170 and a
vacuum header 2560 at a speed of about 1-3 foot per m nute. The heating
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98/ 07926 all the uncured liquid resin and second material have been remove® GontHR/ feltaydr 24
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w || be understood that e conpqsite felt, |ayer yer is
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can be i nitpnaubmj oni thé] webnsupport @pparatus 208; ahd shénudd be at 1east 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 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 have been
removed from the felt layer 220, the composite felt layer 220 and resin can be conveyed
through the bath 1620. Post curing lamps 3180 positioned above the bath 1620 provide
final curing of the resin layer. The composite felt layer 220 and resin layer are
submerged in the bath 1620 which preferably contains water and a reducing agent, such
as sodium sulfite, to remove dissolved oxygen in the water which would otherwise
quench the free radical curing reaction in the bath 1620. |
The composite felt layer 220 and resin layer 250 are carried through the bath 1620
at a speed of about 1-3 feet per minute with the post curing lamps 3180 turned on.
Suitable post curing lamps 3180 are the F450 lamps listed above. The water in the bath




all the unecured liquid resin and second materi al have been renoved fromthe
felt |aye 3;&)0.,9%ternat|vel y, the cleanliness of the felt peymsoR#idgrican be
measured using a drai nage test as follows. The web support apparatus 200
can be positioned between upper and | owgy Plexiglas orifice plates having
3.25 inch openings. The upper.orifice plate is joined to an upstanding
cylinder having an internal dianeter of about 4 inches. Distilled water is
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: In the embodiment shown in Figure 1, the continuous network top surface 260 can
have less than about 700 discrete openings 270 per square inch of the projected area of -
the web support apparatus 200, and preferably between about 70 and about 700 discrete
openings 270 therein per square inch of projected area of the web support apparatus as
viewed in Figure 1. Each discrete opening 270 in  the




| ayer 220 and resin |layer can be carried around the circuit provided by the
rollers 1513 and 1511 one to three tinmes with the lanp 3150 turned off. In
one entY¥@PHAMR6 t he nask 3010 can be provided with a traﬁgﬁﬁ}sé'ﬂpsﬁbrtlon in
the forma continuous network. Such a_mask can be used to provide the web
support apparatus 200 having a web pa%dt erning layer 250 having a continuous
network web contacting top surface 260 having a plurality of discrete

openi ngs 270 therein, as shown in Figure 1. Each discrete opening 270
conmuni eemtingons nitwark 1op surfact san hove an et fres spagiwhick is betveed abomd in
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the rrach_P ce With fhe Web ;r{aqf:enung layer facing upward. A stylus having a circular contact
surface of about 1.3 square millimeters and a vertical length of about 3 millimeters is
mounted on a Federal Products dimensioning gauge (model 432B-81 amplifier modified
for use with an EMD-4320 W1 breakaway probe) manufactured 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 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 and lowered to make the measurement. The stylus exerts a
pressure of 0.24 grams/square millimeter at the point of measurement. At least three
measurements are made at each elevation. The difference in the average measurements
of the individual elevations 231 and 261 is taken as the elevation difference 262.

In the embodiments described above, the substrate comprises a dewatering felt




directions the edges of the openings 270 extend past one another, and such
that any | MQ98M79¢ parallel to either the machine or cross

direction will pass through at |east sonme openings 270. I\/Easurenesﬁfmé?l Wb
Support Apparatus El evations The el evati®in difference 262 between the

el evation 231 (Figure 2) of the'first felt surface 230 and the el evation
261 of the web contacting surface 260 is neasured using the follow ng
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unrestricted travel of the stylus. The stylus is placed over the el evation
of interest and | owered to nmake the neasurenent. The stylus exerts a
pressure. of 0.24 grans/square mllinmeter at the point of measurenent. At

| east three neasurenents are made at each el evati-on. The difference in the
average neasurenents of the individual elevations 231 and 261 is taken as
the el evation difference 262. In the enbodi-nents described above, the
substrate conprises a dewatering felt =~ WD 98/07926

PCT/ US97/ 13571 27 | ayer 220. However, the nethod of the present invention
can also be used to formpatterned resin | ayers on other substrates. For
exanpl e, the substrate can conprise a papernmaking. formng or drying fabric
conprising woven filanents, which fabric can have an air perneability of
bet ween about 300 and about 1.500 scfm A non-limting exanple of an
alternative substrate is a papernmachine fabric-described in the foll ow ng
U.S. Patents issued to Trokhan and incorporated herein by reference: U S
Patent 4,191.609 issued March 4, 1980 and U. S. Patent 4,239, 065 issued
Decenber 16, 1980. WD 98/ 07926

PCT/ US97/ 13571 28 WHAT IS CLAIMED I S: 1. A nmethod of applying a curable

. resin to a substrate, the nethod conprising the ,




steps of: providing a curable liquid resin; providing a substrate *having a
first s d a second surface, the substrate conpri si ers

defi ni ng \?%&gﬁgntermadi ate the first and second surfaces ﬂl&h’#’?

substrate conprising a second nmateri al gi fferent fromthe curable | |qui d
resin, the second material coating at Peast some of the fi bers; wherein the
voi ds adj acent the coated fibers provide fluid comunication fromthe first
surface qof the substrate to the second surface of the substrate; renoving
at | east WHALI CLAMERIS naterial coating at |east some of the fibers;
appl yi ng the curable liquid resin to the substrate after the step of

renovi ng at of ,the second material . and cur | east some of
t he cur abl elt |‘§ ﬁﬁ?‘g‘éfﬁp‘tlﬁmﬁr%?}frﬁ eéeﬁlag?ﬁﬁ“éwe WF@Q cRmpnsing the A
met hod of applsyepsg;fa cur abl e resin to a substrate, the nmethod conpri SI ng
the steps of: ﬁt’d\ﬁﬂtﬂ a ‘i}g&?e&?w ng a first surface, a second .

surface, and a thickne e _having fibers defining voids
i nt er medi at e t hepraviding arsdbma fizss surfage i aienondbsurface,the substrated

resin; providing a gpmaRthg iRl Hefitins’ Sofda! H&éﬁmdﬂig 'ﬁUL {'%t]earld Quidghg €si n;

coating at |east sone_of t bers the ,substrate wt e secon
material, wherein t*ﬁ'éfaﬁﬁs&g tetﬁ‘gn%%{‘&& serepd m

comuni cati on from ghbufablesli lﬁtlrréﬁﬁethefseéd}ﬁl ﬁutaﬁhredaﬁnget téa@t ﬁﬁﬁ@&f‘th‘éurface
of the substrate; | ying the cur abl e liquid resin to the substrate after
the step of renovi * | east some of the second material; and curing at

| east some of the cwherbinethé woids ddjacentrthe cogtedfibels providesfluid! copmiuriicatione
substrate. 9

SO USa7 13571 26 %hé’grrg syrface qf the subsirate to the sepond surface of fhe

further conprises tsubstsateps of appl y| n_g the second material to the
substrate to ocCpimoviag at Rkt some/ oftithe Scohd tnat&idl Toating at least some of the

fibers;

applying the curable liquid resin to the substrate after the step of removing at
least some of the second material; and

curing at least some of the curable liquid resin to provide a resin layer on the
substrate.

2. A method of applying a curable resin to a substrate, the method comprising the
steps of:
providing a substrate having a first surface, a second surface, and a thickness,
. the substrate having fibers defining voids intermediate the first and
second surfaces; '
providing a curable liquid resin;
providing a second material different from the curable liquid resin;
coating at least some of the fibers of the substrate with the second material,
- wherein the voids adjacent the coated fibers provide fluid communication
from the first surface of the substrate to the second surface of the
substrate; '
applying the curable liquid resin to the substrate after the step of removing at
least some of the second materiel; and
curing at least some of the curable liquid resin to provide a resin layer on the
substrate. '
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renovi'ng ‘a'portion of the second material fromat |east sone of the voids

i n the suwyotesmbtezsét 0 al | ow fl uid communi cati on between the HOTUSIMISThce of
the substrate and the second surface of the substrate. 4. The nmethod of
Claim3 further conprising the step of 2®noving at | east some of the second
materi al adjacent the first surface of the substrate prior to applying the
curable resin. 5. The nethod of Cains 1, 2,-3, or 4 wherein said curable

r teSI n i fs eIl d'éﬁhﬂéthﬁdfﬂﬁﬁaime Wﬁéi’teim,saidkﬁ)aﬂﬁg step fﬁmhérhempﬁeemesw gof:he
steps O rovi ai [Cce ) ra (o) OSII’I SOone
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| east sone of the |ivpidsgl photosensitive resin to provide a resin |ayer on

th bstrat f

cubstrat e compr i SSTER Bofchof o€ yEond mdiria fhn oPlea JBRL 81 e yoRls iy o
1, 2, 3, 4, 5 or 6 tbm@mr#ettmell@e cmmcauommwpw@ firstoufaon ofithenhi ch
is soluble in water sustrald hd Wt S&bnAfsuithétl ofthd subdtrae, 4. S5, or 6 wherein

the second material conprises a surfactant. 9. The nmethod of Clains 1, 2,
3, 4, 5, or 6 wherein the second nmaterial conprises a salt of fatty aci ds

iontz ai gl ng f% omammowcmmam&&mm thé@ﬁﬁof%&noﬁh@at&h%@?m@?fq ?l s
SI n Su an a
changi ng t he pmcglf&g?gf'@]z@a?B JCFSttrg)F Bﬂ* M‘%ﬂ“& éﬂ?gt the

substrat e bef ocerablearesinep of apply| ng the curable liquid resi n to the
Ssubstrate.

5. The method of Claims 1, 2, 3, or 4 wherein said curable resin is liquid
photosensitive resin, the method further comprising the steps of:
providing a source of actinic radiation;
exposing at least some of the liquid photosensitive resin to the actinic
radiation; and
éuring at least some of the liquid photosensitive resin to provide a resin layer
on the substrate. ' '

6. The method of Claims 1, 2, 3, 4, or 5 wherein the substrate comprises a
papermaker’s dewatering felt, '

7. The method of Claims 1, 2, 3, 4, 5, or 6 wherein the second material comprises a
component which is soluble in water. |

8. The method of Claims 1, 2, 3, 4, 5, or 6 wherein the second material comprises a
surfactant.

9. The method of Claims 1, 2, 3, 4, 5, or 6 wherein the second material comprises a
salt of fatty acids containing from about 12 to about 22 carbon atoms.

10. The method of Claims 1, 2, 3, 4, 5, 6, 7, 8, or 9 further comprising the step of
substantially changing the phase of at least some of the second material applied
to the substrate before the step of applying the curable liquid resin to the
substrate.
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