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*166166* WEB PROCESSI NG METHOD AND APPARATUS Techni c @ ese
invention relates to a web han us and process ideally sui ted
for 5 appWocEtBBAB i nvol ving ||m @mm.my nore parti cURGHVSP3P486

i nvention invol ves the horizonta rocessing of webs utilizing unique

handl i ng practices that inprove t he 6q616JaI ity of the processed web.

Background of the Inve e tured in a

conti nuous web format B&Jﬁﬁg’éﬁ%ﬁ@%@@ﬁ? %&h%’%ﬁﬁ processi ng
efficiencies. Wien it is desirable to treat these webs with wet

chem stries, i.e. for nethods suchT%mQAlg kg or coating, the web materi al
of ten passes through a |iquid proceSsrng t%dnk. Conti nuous web processing
with wet cheni sTheypraeam investineaelates terivab hivaitiog anperaius sndgmoggss idgally suitgd fdri ni shed
product qual it ption

met ho d§ for agpllc¥t10n§1§1vgl§1\l\éb%t ﬁier?l%g%er a% ?MullaﬁlgWee}Q\;eﬁ@cﬁgﬁ\ﬁé\eegwe%ﬁgRﬁ%% hod

i ncl udes hopltaenigg af wel umﬁzmgwaquvéaartdlllcabra@tccshatanprow tammlaﬁafsﬁih@@rqcﬁssed hr ough
slots 12 Io% ted on opposing ends of a liquid processing tank 14. The web
10 travels in direction 16. ldler or contact rolls 18 provide an

el ectrical charge to the web 10. Liquid processing tank 14 contains a
process solution 19 containing g,59R9 e honlEn deposited on the 20 web
10. Anode screens, not shown, i rocessing tank 14 conplete
an el @¢trical Piodustsare Qfmlsmangfamthred d@sqomerdlovzsdmdp et for peoppraicpeagens gad to
solution 1

processi ng% %Mﬁcﬁgﬁﬁgﬁtchggg?gve%l?gfl% bl t%tr&ﬁr%gﬁé sk ijithm?ﬂ]:e !(Tj]%g!regc'eesm ng
tank 14 ar dorgestieadabich adpismrgrmedoauog,él@meévr@tqrhbof&é@ﬁswhrp@l BHderegeshing
necessary Howe , well

est abl i sheg%kén(gﬂ]g%l? “Ifﬁgr°f¥%u%c‘§ﬁ%¥”§%3§§ﬁsﬁ§g@{‘ \gﬁgtemteﬁg Se&\f/ig{géssl;élﬁs melt s the
abi lity to aadipigled pradystqualideissiesre for di fferent web applications through the
sane gystem espeg)al, c}ﬁblly px@faﬂw éléc'tx%@le%@srﬁ)crn%m @R Ehubewdtald enily

resi dence times cannot usted I ndependently. Additionally, since it
i s desired showat intfigures). StlsmmocbélCW%élPldtnB&ﬁVf’PH@m%YW&R#‘%%‘%‘T“ %’H@as\ﬁlé‘g 0,

Some amounty, @ htsm%s P 068390 SPpddink @Rds bPa ﬁ@iﬁeﬁﬁ@&s&ﬁ@ahu DU TRe @éwﬂ)&&&blﬁl@ t ank
14 t hrough the slots 12 req wrmg a capture S{S}’f af .process
sol uti on 19likstigr18ddiener coptagirelisg B@é?ﬁ‘%}“ﬁ%‘ﬁ ey &65’5?1 %‘f’%ttl on of the
process s Olfi'éde%%gla%l\m 'c@rhanﬁ?d"pr@@‘z(ﬁoﬁﬂbxy 19 @hfagig d d@&np&deﬂﬁtb be deosigsidton dre
process and the quality of the fi nlé% léetheb 10. . Addi ti onal | V\Fctrl ows

| ead t28 si t‘t{Fé’tlloo‘ﬂ%Odﬁﬁﬁ?eéls’t“ﬁ@hP@%l‘ GRROGSINRAYS 1 FRMRIES 8P S5 3He |on and

| ower por ti@Ruit causing the desired component in the process solution 19 to be deposited on the web 10.

The size of the liquid processing tank 14 and the speed of the web through the liquid processing
tank 14 are generally designed to achieve the desired residence time necessary to complete the
processing of the web 10. However, the established length of the liquid processing tank 14

25 severely limits the ability to adjust residence time for different web applications through the
same system, especially in a multi-step process where the ratio of residence times cannot be
adjusted independently. Additionally, since it is desired that the slots 12 be wider than the
thickness of the web 10, some amount of the process solution 19 escapes the liquid processing
tank 14 through the slots 12 requiring a capture system. This flow of process solution 19 from

30 the liquid processing tank 14 may cause aeration of the process solution 19 which can adversely
affect the electrodeposition process and the quality of the finished web 10. Additionally, weir
flows lead to situations where the residence times between the upper portion and lower portion

of the web can vary resulting in cross web uniformity differences.
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of the web can vary resulting in cross web uniformty differences.
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processes simlar to the one described in FIG 1 are often used to apply
coating t oW@BI08HBE webs. Delicate webs are generally corfGTdENEBHoRebs t hat
are fragile either due to the thinness of the substrate or due to a | ack
of structural integrity caused by holes or other discontinuities in the

web. Additi onal t chem str eSSI at & { L ere 5
convent i onal éb lbagm@glﬁé)r‘?cf&gesﬁ’%ﬂag%od% s %ﬁ ‘{18%3 t¥ ea eégggdtggﬁ’e’ym

manner as dmtmg:tatdehcawe&mbs Bﬂ'rcatdeflebmet gnveliscontiieed ectsittmhgre dngitereghdrdee span
of the web cause eria case of
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and t he andis®ngoitiEsim uhewalbtAa‘cqlqnmllypwetrchermslfry)pmetsyng)tfantcmted@m@gmtwl@rﬁ

t hi ckness. .__These w.jnkl e 0 the web
whi ch%emay %c’)?(\:'eénelanatlhe CI’I rﬁe p%’é{ le%ostﬂugsﬂ%fh&)?rgegtsegﬁ%k %e%{gﬁaﬁorﬁ?ﬂzcg%ta
processi ngwelfs. v@bgelgeuae'rehé; the teneiqud cmébe fréerspandifnfty wabenayeshusa theumateriabliol ers i n
an open LeRy GAk ﬁnhmgsukndthpéa%@f%%ce?&jeb@snEm %A LAY hoRLARGSSGhck ANk 1S

t hen f|IIe rocess solution l ers may introduce damage,
such as stbﬁwmlthgwebteeaﬂ@ angde seiceraresitng in m@ortuhéormtb ofthe deposifian @ickessed over
the roller bR Reb rﬁc%amfemmly

w thout | ad it Sy R oot Vel et QoM BRRAR LIRS, B ke B R

desi rHbl e I'l@ldptrcﬁseétbea/eb\.eb in a horizontal manner without concern for
damage to the Q1L Rt Q%R iR hl:%§ YWiebudrhig aweb of
interest is de |g§@glspg§£ﬁ%¥ %?ﬁéﬁ%ntigq cﬁll ?mess 1o t he %’8 bstrate gr a |lack
of struct uppen tomeasigr fiawd praeessins tk. Theolicis rspcessingdankds SebMsdriihtheaocest woul d
be desirab % Sutted. ﬂ{eQﬁﬁéémg ‘ﬁtr&ﬁlpe é’atmagp‘e{léh%gﬁl‘é?d‘l‘m;gotegrg ok ttHeg Qo the S bl
stress in i ni shed web. Sunmary-of the Invention The present invention
is directed l&tba%edretehéﬂ relfees. apparatus for processing webs of sheet-like

materjal . The a{P%ﬂ%Uéesgéblé f168rd BUGRbE ABrelekleHBeRitRbub MRSk AN bifati hg/the
hori zontal web pat directing a web of sheet-like materiagl. Al so

i ncl uded i aualipeofdlmwgbatingoyldalsp be|dagzs: leéhﬁoﬁ%%‘é%%‘i‘ AGOEORRPAET Wi “'ét | east

one casset t&cerh§ ARISEH bR m%alﬁ&d lb}ecﬁ)ﬁfact(bﬂeraﬁ umwumalwn‘eh thedvebelf inmpest
affixed to it. The cassette is r al

novabl e .and p nsert on of the
cassette #celiee ditier ety tﬁﬁiﬂ‘"ﬁ“FﬁSé}f F\é“bﬁe’/%"c%r po @t i ”é#ﬁ’gerg” yrcgﬂﬁcgé%ts t he
web i nto tREIePEQRARS Sisdbeltim s At w@nd be deBieabRas petésetheneb des takioh @ast one
functional fluid elenment that |I|})r2t es processing of the web. 30 The
appar 89 us  fnigEzerFsi! SE’BSSFB‘P';EP t hod conprising inserting at | east
one cassette

Summary of the Invention

The present invention is directed to a method and apparatus for processing webs of
sheet-like material. The apparatus of the invention includes a substantially horizontal web path
25 for directing a web of sheet-like material. Also included in the apparatus is at least one
processing container and at least one cassette. The cassette has at least one functional fluid
element affixed to it. The cassette is generally movable and, upon insertion of the cassette
across the web and into the processing container, redirects the web into the processing container.

The cassette includes at least one functional fluid element that facilitates processing of the web.
30 The apparatus is utilized to practice a method comprising inserting at least one cassette
having at least one functional fluid element across a substantially horizontal web to introduce
the web into a processing container. The insertion of the cassette across the web forms a

festoon, or a directional displacement of the web in a processing zone in the processing



havi ng at | east one functional fluid el ement across a substantially

hori zontal web to introduce the web into a processing container. The
insertion of the cassette across the web forns a festoon, or a directional
di spl aceneWO a3f081pe web in a processing zone in the procedSVHY3/04886)\D

03/ 087437 PCTI US03/ 04686 container. The cassette and the processing
cont ai ner nmay be designed w th varying dinensions in order to achieve a
desired reS|dence time rocess e,
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Pr ef er abl yconvdred prre@gp fite provesinfgicomaingray be utilized for various web
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saturati ngpnamssmmtg\;outdl teaefit frgm redulccnﬁerrsg),n oettlu:kwerbg Preddnaiiy, ¢heel prmﬂt |mvnguon

ting, sl deposi t f 100 th
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i nvention erayrobeposnpbradeldmmatlr@estnmng; ovadiitgbdevelnpihg.isphrating, epslmgode@ges The
hori zont al H«';lsllr;c,gg{gm% idd mﬁgﬁ&pﬂ% 5919?&95&,09 o, %%B%%F@% h oﬂmbﬁx'a%ﬁ%‘nts

enabl e proce§% I ons esu rove
char at eri Sﬁth@mted:mctleesaMheonallh,enulpmlesrebﬂdlmw%eﬁtche@nese)é lifiviitiog nﬁl}/ubél atively

flat web w lra%%ian ?engﬂo eh&%blﬁ?@%@%ﬁﬁﬁesg egnsion on the Web 15 during

proce35|ng racteristic during processing result
i n enhanced prﬁpétptlzoesal alfgnmirg of thaiwgh aefl theewse offfnefional ql%"@FSéf‘FR}e true for

coating or RBL&%E hé‘&’o&@ﬁ%?ﬁkéﬁ&? tYmﬁl foved ?rﬂsﬂe@@e@éhaf'alaﬁrl%? Eiekdphi@RR! | cati on

of a coatihg can”adverse the ni shed %/ inpartin defects
such as a pesqmamemtlom@dwlmslarr@atWFldrﬂap\M‘?bpdﬁeasﬁmﬁan 1pPusadighsieapd t he

fol | oy ng h&gn@r&gﬁ%gggﬁ Eﬁr{)acr\@glpdt OF@EB aﬂra@t’éﬁstlc %Qr ﬁ%rb&%%g@@suftm érﬂiﬂ‘{ﬁ:ed

"festoon” I'spl acenent of in a specifi ed process
zone to i popetsefthedintbedeet: Ths i Pﬁr‘ﬂw@rlmr@%@eéoai‘%@f pla'fwesperﬁ@ahvy 4 sheet

of materi a'tenglér\/brpﬂe aveﬁlHlﬂﬁgﬁbﬂf&@ﬁonvdfQﬁ&txhé‘céﬂﬁﬂve@lﬂery%fetﬁh‘e ffighed Weidlet er m nat e
length in the orthogonal direction; 25 "substantially horizontal web path”

nmeans a paﬂfhPWg\Mﬁfeé‘ﬁ seches QPYUTANST WYl Geb i s essential ly traveling

paral l el to thepghoihss Whink pre@t ifVdntigh, tHagoRiaRasHisigedan Higdppatiomate i ng
processing in theﬁﬁroce55|ng contai ner and upon exiting the processing

cont akher ; defifedas fodP¥ss pl ati ng” means chemical deposition without the use
of appli ed el eCttbdtGoAP means a directional displacement of a web in a specified process zone to

increase residence time in the process zone;
“web” means a sheet of material having a dimensional width in one direction and
indeterminate length in the orthogonal direction;

25 “substantially horizontal web path” means a path in which the width of the web is
essentially traveling parallel to the ground while entering the processing container, during
processing in the processing container and upon exiting the processing container;

“electroless plating” means chemical deposition without the use of applied electrical
fields; and

30 “electrodeposition” is intended to cover both electrophoretic deposition as well as

electroplating.



fields; and 30 "el ectrodeposition” is intended to cover both

el ectrophoretic deposition as well as electroplating. 3 WD 03/087437

PCT/ US03/ 04686 Brief Description of the Drawi ngs The above, as well as

ot her advawoO#j®8743T t he present invention will becone redfiW§s03/8sBarent to

those skilled in the art fromthe follow ng detailed description when

considered in the Iight of the acconpanying drawings in which: 5 FIG | is

an isonetric view of a convenjiqgnal web ndl i n rocess; FIG 2 is a

schematic view of an apparatuéﬂﬂ3¥§§$3@¥§3¥§@3?&§—nethod of the present
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iS an_iso ri.c view, of enbodi i

t he presentPPr§g P r‘RPé‘ﬁ%E ’g . in et goq éhegfe %‘F"Bﬂ%ﬁeté%g F%H%’fonw Ze\?]v%%%s‘?dgﬁ@ed "

gnbodlnenameﬁ%aof&aa&om@awm@@gaﬁnkmywmdin with the present invention; FIG
is a schematic view of a .we n n.conjunction w

present invent ng(ﬁ 1ig gn jspractrig View Og 8%“’38‘8{’ 3’55%1% %prt)cegsccalssette sui t;BI Eahe

for use in an EHI(BCI o8 epesiatid Olew drancppsatuafiol prdcGring thiesmethdst okéa pssetti onal

vi ew denonstrating the cathode/ anode rel ati onship between the cassette and

web duri ng™H8&ssi ng. Wiile the above-identified drawing figures set forth

onet enbf)dt[ rrgnt Fods. 1ﬁegrdttv:em:umnl,werﬁ)faodahtdeveeadﬁmmmm welare al so

cont enpl at ed, not.ed in the discussion al |

presents the i ﬂ:i@ng ISR HSOTHAYS SF Y %&To?"eeseenﬁ o lI|'e(')]ln Og(r%gﬁg IEJFgr(ftnatql& (35,?]459,-;&;1 e

shoul b be muﬂdeﬁstood that nunerous other nDdlfications and enbodi nents can

be devised by t l.led .in the and
spirit of the dﬁ{} ISBI (gw?)?ect’ ral YRy &h nle(%rrlt1 %@gﬁe?!ﬂ hvlwgg%eg P ?’gﬁ%\%‘
enbodi ment thebprebdneinv@itibod and appar at us of the present invention is depicted

i n FIG 2. Theng.? alg .?Ls%ﬁemaglﬁ wev %ve% \Qﬁgmgzsﬁgtgrﬁ géd Elgcdnﬂmého%qpﬁ{ aptially

hori zontal web . |ona veye rough a steering
unit 24 angregeeinvantiphural ity of roI |l ers 26. The 30 web path is generally

dir eC}SE d over Bl 9CeR Sai g‘rgex%%ggc?‘wa@rofzﬁcamttg buiGORtB! B iﬁr&nacrlgéﬂwep&fition
process; and '
FIG. 8 is a broken sectional view demonstrating the cathode/anode relationship between
the cassette and web during processing. _
While the above-identified drawing figures set forth one embodiment of the invention,
20 other embodiments are also contemplated, as noted in the discussion. In all cases, this
disclosure presents the invention by way of representation and not limitation. It should be
understood that numerous other modifications and embodiments can be devised by those skilled

in the art, which fall within the scope and spirit of the principles of the invention.

25 Detailed Description

An embodiment of the method and apparatus of the présent invention is depicted in FIG.
2. The apparatus 20 includes a web 22 traveling in a substantially horizontal web path. The
web is optionally conveyed through a steering unit 24 and over a plurality of rollers 26. The
30 web path is generally directed over a processing container 28 which contains an amount of
processing fluid 29. The web 22 essentially travels over, and subsequently past, the processing
container 28. The web 22 is redirected into the processing container 28 upon insertion of a

moveable cassette 30 across the web 22 and into the processing container 28. The insertion of



processing fluid 29. The web 22 essentially travels over, and subsequently
past, the processing container 28. The web 22 is redirected into the
processi ng contai ner 28 upon insertion of a noveable cassette 30 across
the web 22WANW/OBHBD t he processing container 28. The i nse?GT/B¥3/84689 WO
03/087437 PCT/ US03/ 04686 the cassette creates a festoon, or a directional
di spl acerrent of the web 22 into a processi ng zone wthin the processi ng
cont ai ner The cassettF 30 igcl ude l eastt cone L?g tt ona Sm Zone
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redirectionc ot ? dess] goccon The web may be nmade
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filter rredla insu atln mat er | ynmeric f I'nclude, far
exanpl e, clneagriairod cm@enq@ddﬂmmlb the WatsmpBEIYé eng of @ﬁieﬁ%}tcéé’fa‘ﬁﬁr'él(?ét ed

films.,sln g At g ?@@?ﬁorﬁ@%ﬁ%@dﬁ |l§§tlﬁ)é &%ﬁlﬁltes ln@l\ﬂ@é"ﬁdlﬁr'fkrl'c%lrﬂg ihdvégd for

manuf act uring processi ng i cat'e webs are generally
webs that aoesogenss biessiomyinptamsthsreph W@‘@n%@ﬁ@‘ﬁ@h*&ﬂ“%‘ﬁr‘ﬁ‘é?rféhrlcﬁ Processes

due to eit h@&veﬂshﬁélﬂde%térﬁﬁr sucﬁssr]}iﬁéruﬁlﬁzr RkdiR hwsula_tli}% NRdial. telene sigmand t he

intricate structures wt often _adversely affect prod(ngtlwty and

qual i ty in iodwdeefor pomeale, 91943awh@mwed@lwaeEwgclumlafﬁwtﬁ%&w%&?

i nvention, deli & fr @emlﬁfdﬁn&?%rﬁés&ﬁ ieRBn AMilipgl for hiHuedenasgorof about 25
m crons or | ess or We s wth an effective 25 e|lastic nodulus of 1000 MPa or

| ess. 2ow efrpcsssinadslivaivets: RaNcalsevche e e Ihyeba{tat CuaEPOCHENE PR N web
t enper at ur &,,,GREMF Gkb RInAGRS3RSe @R Sithentheir éaﬁﬂ@?vs’ﬁ{uctﬁrfe ofBdter Thel webn t he
formof patterned holes in the web, or n%g [F) h(tar 8cm n,a nm
preferred ehiskessnandthe intigate HRICHEY Y0 ‘“tt%w%r %'ﬁ Vefs ¥ 8HETF BTGV LS e of
handl i ng V\BCR!%IIQ ah0&Htiond wab GarANS Rbceb RS SForPehpadds of the invention, delicate webs
are generally webs having a thickness of about 25 microns or less or webs with an effective
25 elastic modulus of 1000 MPa or less. Low effective moduli may be achieved by choice of
material, web temperature, chemical processing conditions, removal of material in the form of
patterned holes in the web, or combinations thereof. In a most preferred embodiment, the
method of the present invention is capable of handling webs of about 12 microns or less and an
elastic modulus of 700 Mpa or less.
30 The webs may also include cantilevered structures. Cantilevered web structures are
formed by the removal of web material at predetermined locations on the web. The removal of
web material leaves a free standing feature, typically within a hole or void in the web, connected

by only one end to the body of the web. The cantilevered structure preferably has a total width



el astic nodul us of 700 Mpa or less. 30 The webs may al so i ncl ude

cantil evered structures. Cantilevered web structures are forned by the
renoval of web nmaterial at predeterm ned | ocations on the web. The renoval
of web nmaWeri3g@s74deaves a free standing feature, typical IREIHOHP448@ hol e or
void in the web, connected by only one end to the body of the web. The
cantil evered structure preferably has a tot al width 5 WO 03/087437
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25 In a preferred embodiment, the container may be designed in a modular fashion to enable
multiple uses for varying processes. Additionally, the container may be replicated and placed in
close proximity to other containers to provide a series of multiple step processing stations. For
example, a system may include two or more processing containers placed next to each other with
gach vessel serving as a metal plating station for multiple plating processes.

30 The cassette may be utilized to provide functional fluid supply and process management
functions. To initiate processing of the web in the processing container, the cassette is generally

inserted downward across the web and into the processing container. The use of the moveable

cassettes improves the efficiency of the web threading process and reduces an individual’s
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element may be utilized to deliver or introduce processing fluids to the web while the web is

25 redirected into the processing container. Functional fluid elements may take various forms
depending on the processing fluid desired for specific applications and webs. Preferred
functional fluid elements include fluid bearings, sparging jets, nozzles, fluid foils, pressure pads,
suction elements, fluid delivery openings or combinations thereof. The functional fluid
elements may be used individually or with other functional fluid elements in various arrays

30 depending upon the desired process and finished web characteristics. Additionally, the
functional fluid elements may be placed on opposing sides of the web. ‘

Preferably, functional fluid elements are utilized to control the processing characteristics

or the web. For example, pressure from fluid flow from the functional fluid element may be
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FIG. 5. Those skilled in the art are capable of selecting fluid bearings for specific webs and web

processes.

25 Another preferred embodiment is a series of fluid bearings off-set in the down web
direction on alternating sides of the web. The fluid bearings are used in a manner similar to the
air support nozzles in an air floatation oven design. An alternating or staggered positioning of
the fluid bearings allow accurate positioning and flattening of the web in the cross web
direction. A first set of fluid bearings may be fixed to the cassette while a second set is

30 generally fixed at in the processing container with the web interposed between the first and
second set of fluid bearings when the cassette is inserted. The fluid bearings may be provided as
strips and machined from a suitable porous material which is chemically compatible with the

processing fluid.
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the finished web. Therefore, appropriate conventional web handling mechanisms may be
employed to prevent lateral drift or displac_ement of the web. The present invention is capable of
achieving a lateral displacement of less than 0.2 cm. Low lateral displacement values are

25 particularly desirable with specific applications such as, for example, electrodeposition
processes. FIG. 6 is an illustration of a typical web conveying process employed with the
apparatus and method of the present invention. A reel 80 of unprocessed web material is
positioned at the forward end of the process. The web 82 is unwound from the reel 80 by
incorporating dancer roll 84 with a series of idler rolls 86. A multi-functional unit 88 serves as a

30 primary web handling unit for conveying the web 82. The multi-functional unit 88 includes a
driven electrical contact roll 90, idler roll 92, driven roll 94 and a tension sensing roll 96. The
tension sensing roll 96 provides feedback to control the drive rolls 90 and 94 through the use of

a conventional control loop. The multi-functional unit 88 also may include active web guiding
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For given processes, residence time in the processing vessel can be important to achieve
25 desired results with respect to the finished web. In accordance with the present invention, the
residence time of the web in the processing container may be adjusted without undue effort. The
residence time may be adjusted by varying cassette length, varying cassette insertion distance,
using multiple cassettes, varying fluid level height in the container or combinations thereof.
Those skilled in the art are capable of determining the appropriate residence time needed, and
30 the appropriate mechanism to achieve the residence time, based on the web and the desired
finished properties of the web.
As previously noted, the characteristics and quality of the finished web are often

dependent upon the tension on the web during processing. The present invention, through the

10
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varying cassnéintmy mrwetnrtglappllodllcstsahd@tnonauElthvg”lmshbd prppecties athetvelemay bar yi ng
fluid level heig n of Sg skilled
n'the art Rt 16 BRhR ARl FRR AP Bl ABRE Yoy sl 2
needed, andenﬁ@netdheb dpringrpplatiggravess Iqame@rmlm @)ﬁa@ﬂw exgb With signidisand ek eWPl? e,
based on the n r ik of ;Opga VBt

pr evi ousl yCLr%\A%gra%f %gﬁlgﬁvahggg%téesgg% |A&A§ér§2§gla&dgpgﬂf l (féa >t nISS herg eweb are
often depé&vabentl isipdicat¢de theinwiremof te meh%llﬂmﬁﬁluﬂﬂf BIgnRie UB‘E@S‘PW@ laidrppeitpr esent
i nvention, fhr BL4R0. RO LSDRH AAGR0 bk LiaRimak 0f a
substanti ale%%}} ﬁ%rgﬂi %aapgl%dwgbg égaﬁgﬁ%tghr ough the use o? tﬂlnlctl onas fluid
el enemts, teduopls MeheLcuvemiatmg onsiaol en thelyvel mli reeplipp 6@5@3@% redppedpait g5ty t he
tension on %&?re\[i\@c@d bt nt’a?ﬁ)?délf&gtg lggglcﬂlfe@f@exrtéﬂﬁ%yonf‘&e%]aﬁ@@ﬁhé wel 418

fini shed wé Ri roveg coating uniformty in coating

applicati orbscomdidmagednal I y, the finished properties of the web may be 5

enhanced due toy Lhg &@Wn\é@ﬁhe $keb @ﬁﬁlg%p&ﬁﬁﬁx%ﬁ{a& aksd @r%at@ﬁﬂﬁﬁfh‘ble@ﬂirhdlglstlcs
processing. For exa ensi oned web duri ng pl ati ng proces

result in anth lﬁnshﬁédvqneffhvmﬁmh@iﬂgm Prgctiens emelqygd. by\F@d’mS@‘Ur“P"e@téWeﬁ@f W”tfyesul ts
when gsstregg.d trhgfateq%tdgéfa@elh e'ntsofmea&e%%uﬁﬁgt BRbJiRdVith AniResthoRads st rat e.

Web cufl is 1 ndica e I nverse of measured radi us_of a sanple web
mat eri al | dintshestvéby Preferalefes, tavietrrabibiige h@raéﬁﬂmlﬂ%aemsleé%thaé’s@ C%“WEB &%D

curl is indiqalfh@ baii@t. infinite radius for 10 the sanple web. Lower
plating tensions on the web will result in dramatlgall %uced art curl
and a reduced pébeyiel kepdlingpragdses ehihe PiResS! BYEiRR RiPWEC YR B rbnd t he

pl ane of t hguBRLBinghRELHRIRRB BRSNS tﬁe&ﬁﬁu&htufﬂﬂﬂp&ﬂu@i witmrewxedffedmm ng
processi ng nﬁﬁhalso create undesirabl e char i_ni shed
wepP

web. Phe thap FW@Y%%%&&W%?@%"‘S@F\WWE‘HC%?P é‘giﬁf Pi"ﬁ??é‘ tv?“(%‘ﬁ“
signifi Cantﬂeﬁmts]tﬁe hafheeard frehihatk ees ald:hﬁ@rﬁeﬁ@ﬁ&ﬂdehéﬁte s omabntdmutmm'sg
processi ng whi ch enhances the results of e?)%q}pel y, the

web exhi bi ttherepfoxer SFogessen PSR fesqenitsf 1 @5 §nt Wélt t]t? pﬁe %FV\%

present invention is capable of maintaining an applied stress on the web below the elastlc yield

t hout

stress of the delicate web thereby preventing undesired deformation in the web.

25 Because of the reduced tension on the web, the present invention is most preferably used
for electrodeposition processes. For purposes of the present invention, electrodeposition
generally includes any process that applies an electrical potential to produce a coating on a
substrate such as, for example, electrophoretic deposition of polymers as well as electroplating
of metals. In the present invention, the processing container may be filled with an

30 electrodeposition fluid. An anode is affixed to at least a portion of the cassette. The web serves
as the cathode in the process. An electrodeposition coating is then plated onto the web upon

application of an electrical charge to the web. Those skilled in the art recognize that the cassette
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processi ng container. The web handling practices of the present invention
provide |l ower web tensions and flatter webs during processing. This allows
t he manufacture of products with lower effective 20 noduli than

convent i on¥MO 30887 ces pernit at acceptable yields. Thus REREUIBELENt
invention permts the manufacture of thinner webs, alternate materials,
delicate webs or conbi nations thereof over processes previ ously recogni zed

inthe art. Wth the preferred ) i nvention is
capabl e of OQE% P\rtc%ei”{:‘f’?’l%‘t’%m%ﬂf gede Esh?r 2848° Sr?r ﬁaehcaﬁlvov%g]egvﬁtotf E"AETi ¢ yield
stress of tHaepphaité padreiaMiebthe hﬁrrecbgro@smgapplmagomndem red deformation in the

web. 25 Becaus t he reduced tensio t he pr.es vention is
nost preferabl &I?]'Seﬁ anf’xq & é’%?’?vrooaéfjsa%le??%%seg}o ls”néane%tmdg%ts'ngﬁ;es of the

present i nveatihg anoa eleemrwgd dpcmsa d)ﬁthnpresgmnmaﬂndny Thmcﬁsw@tes%amgﬁum eidesdst hat
applies an ctri ce 1.ng; e such
§ 1% at enaq(fe %lflr Op t otfk <. cass gtéeq(r%g gn?(? wg%eggﬁﬁogﬁggg ”1215 S@gﬁ]ﬁg ;iiz;‘zt

as, for exanpte ore
el ectropl a’ptomge stofcturadtsegport fcbrnmilthrée mareﬁ@aﬂﬂ rRreebdingfluidsheee poddeddsibng

contai ner 1fcrkf§s 1f2|4 ltlllrg%ck)ivrvxltle;[n&ol‘aq?eg %H?& ti\l;lé) qﬁpaoééld}# 19en12E cgﬁngcts rﬁ anode is

affixed to'4 casse serves as the
cat hode i ncdyrl'aepqmrlmgesmectmg ueit 6ot $lmdeho®1tetdloomhecsmt0|f thg prcsessing porpdieer @@ cont o

i the art TPEEBRT A7t RO BTty FARLP B L AR MR 0EeE  of

t he pi@sentoraaweding dloidtmyringn ¢28:denodé sciwens k3 azersitionsd batweert thodenifoldsi2¢ he web
functi oni ngnoatﬁ? &119 §ea8918§) ﬂSt %&%@ﬁ&gﬁ fhgtmtgr ets*l§2 {pgse?%l%qg’lﬁslsk ng

appl i cation bF QUTores 258 used i n applying
an el ect r o@pposi plathrg masbatIag meferbly shidsnauhted anfh thelsisle uals 182 thrdyeh fhe aseent

I nventi on. g&? &P@rgﬁcte{sqgg‘gqi%ﬂg ltl'té%%éré gng&%Hh% snd?na:l'lg¥22t hﬂlteirﬁgléqbg

pl acenent 0 casset FOCEsS ng Cont ai ner e side rails
122 provi deostianad batwedn asvgbeatiodé)and ﬁnlanqdplseemr!ﬂmré@sﬂlﬂareptlb@és%| ng

L dgs ar fegegfaw g?éaitggnmﬁmmfJnoélgeocﬂegésltwgo%gmmﬂé febd feed pipe 126.

Mani f O ects to a rrespondi ng connecting unit (not
shown) | ocat ed hm comeentiprabelestroplhéngroniigension gmeronidzanpder towaiods-spacinggs Bieal

127. The ngpd johas aﬁéb%% M]CQE@&%%?bﬂgatfnlg‘ﬂhéj(nésﬁrQMQJ'anBM'cB[Qi)dinéoﬁﬁlSd phiat es 125
to 10 correspondin urd bearings 128. Anode screens 130 are, posit])oned

bet ween t héherﬁmiiﬁ'ﬁvég ﬂémiszécmeé(ﬁ@lthf‘h‘éh the hpripopia blestpRpoT thsgreseH invBROREE 1 deh e

outer edgeg dgs%gct(ﬁfatlﬁ)é)mﬁﬁrﬂﬁy a?ivgﬁagre%\fér%oﬁlvggnon%éc@ﬁéd Fm'tﬁérineﬁ ﬂH@ﬁJﬁStloqul‘l are
preferably slide nounted onto the side rajls 122 throug Eg_lﬁuse

suppor® br didelamentsayighirs thy prgcesging %taaﬁt%@blea%@nilse'fefmm%n Sej%SPF%%T s 122.

The masks L3y thPQidlikdtBREHhORENRERs RedVBRokALdNAISItratdoditie pritedes. STheeen
during processing, are utilized to 15 provide a predeterm ned paitern of an

el ectr Odep@gqsgréWVE@@pﬂsr@p%qfaf;m%w%oatmg thickness with a standard deviation of about

4% or less when measured in either the cross web or down web direction. Conventional vertical
processes generally have coating thickness with a standard deviation of greater than about 7%.
25 FIG. 8 depicts the special relationship between the web and the anode that enable
improved electrodeposited coatings in conjunction with the present invention. Alternating fluid
bearings 140 are located on opposing sides of web 142. An anode screen 144 is placed near the
web 142, Masks 146 may also be fixed into selective locations near the web 142. In the
embodiment depicted in FIG. 8, the anode screens 144 are attached to the masks 146 and held in
30 place through the use of supports 148. The supports 148 are integrally formed in masks 146.
The fluid flow from the fluid bearings 140 causes the web 142 to curve slightly in the downweb
direction as it passes by each fluid bearing 140 thereby imparting cross web stiffness in the web

142. The cross web stiffness, in conjunction with the low tension on the web, enhances the
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In a conventional electroplating configuration, inproved anode-t o-cathode
spacing is the one variable affecting the uniformty of plating thickness.
Si nce anodes can be nachined flat, the cross-web flatness achi eved through
t he hori zoM3/0Bu3T oon of the present invention provi des PE/ER030468¢
plating uniformty advantage over conventional processes. Furthernore, the
functional 20 fluid el errent S wthin the processi ng cont ai ner enabl e

addi ti onal formt flts eC| nation of the
weir flows ﬁg{é Ot ¥ l?f\)‘é’h rml%%ﬂo‘ﬁft YR gcrlhe%%) |abh'66'ﬁ%esr"3@8§§'g§ed “%h present

i nvention nsaracaqnaﬁ]ﬂse of ach| eV| ng a coating thi ckness with a standard

deVI atl on Of abo‘f‘ﬁe 11’14% I((')JI’I{ 1S fl.l ngrate?enatﬁ?}:oﬂgwfn ngA Qﬁfn TE C{OSS V\Bb or
down web direction. Convent: onal ica 85es ne y have coating
thickness with a standard devi ation of greater than about 7% 25 FIG 8
depicts the special relationship betwgen the web and the anode that enable
i nproved el ectrodeposited coatings in conjunction with the present

i nventi on Al t eTiregtrésag ekéroplelutilizeda 2hyem (M0cha madel vorbaof & ahilbhick pppisiideg Thd des of

web 142. lgfﬁ'xfﬂg w?oc\;/? gﬂ?v}b“[lély S ut@l @o%f%g wWRf 3" ol Hgn t \ﬁ%qﬁ% & cohﬁ? kg w6 may

al so be f| e nto se ive cat1 ons near t he enbodi nent
depi ct ed i trafEp@t syStent Wes ganwdly esplayehs CQW@)’éweveéthrwh@qucesstnﬁéOfﬁ@iBfK@f 146 and

held in 3 . 48 are
i ntegrall Qlcgél%‘g ﬁa@@é&@ }T‘g%gﬁe%q'ﬁ Ck?l ?%%%?B;tﬁﬁr%gnu?hﬁ%[? %%B%arl ngs 140
causegOt he covsizteti 42 fauo sectionseanginivgyidt hageripnll rdile tedsigmpvdiol . @g éf@@?réﬁctlass ikhepasses

oy each T Wi RS ardith ditlat ﬂ@gﬁﬁmctg g&uﬁ% ibhafifoS ottt o] £l BREerhdh i€ Web

142. The cross we ow tension on the
web, enhandieswabiraertie WOrOSNDRTABET. %fﬂ@@@@fsmwemawillthafon‘@nwa't PiRebs

uni £ or 1y ald S G135 06 LIEEEARN BV fesbiable 1 ni shed veb

characteristics. Invention 1s fur stratedlnthefollovmng
non-1imting ex@hpinind Gctidndmbided aminaving spindletemplexing la&olimorgey BES4A20. 3 cm (8

i nch) ;wi de web 0l »%tﬁ‘?(élhﬁch%r ?ﬁﬁ@l%\mgﬂodeTB@ %Eé’h@@o@@mﬁ‘ﬁ&g%ﬁfeﬁbﬁé‘k‘ ously

sputtef coated wt hick [ayer of COpcﬁl? transport
syst em was (§eltreerat pc.&rgfordy ddh)t 6 cemsviianak BrysidebranP@ ergiss Rlajstapcesadiong
contai ner QRaysfie Gefbod chapai Wa@ﬁﬁ?&ﬁl\l@}’ H ghhesReadndNifiR spidlcfigpmime Bat h) .

The web transgort system 10 consi s four sections: an unw nd, pacer
pul | roll, lewhasklssh. pﬁwm%hangmawowm‘fer%w Widisediip gegulRieiseniias O H’Feaded

through t hg,@yefwRE he ulhidY hideths pRetANtdIAIThY dARE ERndbrcPRiduppind bplaaGemeNt
of the web over the processing container. The web trans ort Si/@@f]
on on

utili 28d a HEIPREREUTHEEYIPHE. AGRYSEabiotanyvasiablp fisplacemeptd P?dé%Ff
the web durc'oﬂgecptf)mﬁée‘ﬂ%votmﬁctﬁ@%ﬂﬂic&%hh&ﬂ i ncl uded an unwi nd spindl e
(0]

enploying a | ll"r;ré)linagceepplﬁl roll section is a composite pull roll / steering / tension sensing /anode
roller. The anode roller was driven to reduce friction effects. The roll was electrically isolated
from the machine via insulating plastic mounts and a plastic coupling. Litton Poly-Scientific

25 brand model # AC4598 slip rings (Litton Poly-Scientific, Blacksburg , VA ) were used to
electrically connect the roll to the power supply. A Fife brand model CDP-01-M steering guide
(Fife Corp., Oklahoma City, OK), with stainless steel mechanical components for corrosion
resistance was used for web steering. The guide was implemented in an offset pivot guide
configuration. Conventional ultrasonic or optical web edge sensors were employed for web

30 positioning sensing. The drive system consisted of a Kollmorgen model Servostar SC amplifier,
with Kollmorgen XT series servo AC brushless servo-motors, with encoder feedback. Micron

brand model number AT10 series (Micron gearboxes, a division of Thomson Industries, Inc.,

Port Washington, NY) straight through low backlash gearboxes were employed. Tension
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15 servo drive with Kol |l norgen brand Gol dline nodel 203 Series notors with
resol ver feedback (Kollnorgen Inc, Radford, VA). A conventional Bayside
brand PG series planetary gearbox (Bayside Gearboxes Co., Port Washi ngton,
NY) is conMxe3¢d743d t he unwi nd spindle to provide |ow babKI'HER/04686verti cal
hangi ng pi voting dancer system was used to regul ate tension on the web
bet ween the unwi nd and the pacer pull roll. The dancer tension force was

Vari abl e arepradanssonpl e PRl e CY bR s R R0

det ect ed t lte., damesMAYSiithialiw drifi®llpat@intep btweerotht trasdickoN AIBLIBbremhposi t e
| Il / st ' t | |
SRR LItk A R e i A R e s i

t he machi neomdittonings Thatsédnign pinat®hedasmulite pa@ndndthp keasibn ggradwd usergfor Li tt on
Pol y-Sgl ent i flC 25 grand nodel # AC4598 slip rings (Litton Poly-Scientific,
Bl acksbur g, O\?E\ NeeP'd used to electri cally connect the roll to the power
suppl y A Fl f e Dheweb wasdesertddDito Gib-phdcstseentaing by unsewing ¢ Fasfette,Gomipy (o takl ahoma

Gt Y pedérigf l easc§osS g%vleb andc"lrh't%nhleﬁa%cegs%gggﬁggé&o gr?a{te g %%trogf

resi st ance steefrin
of f set pi vcaassqm mtﬂudedamﬁnoguscmenamﬂ ﬂLﬁ}d)mnsngsmsnalvnoudly $has'onnd:de@¢rlb©qu cal web

edge SENSory t\é\c%rk(grmr %yf?uqd Iie?r ?r\}lf\gbste:r?’noc %feh%%ﬁ%%%%ﬁ?ﬁi?%n@&ho ﬂ%wﬂ[l g Ve system

consi sted &f° gen eIV 0S nor gen XT
seri ed0ser \neech@isorssdsl 1m3&ted;qmu cecomet! plasgmend lelearaesotﬂemwftb@MM% dohiginem

br and rmdelThF Eom?eng@ %ro er(l:gr tl%?gpa%éﬁ% 92"i]‘ne(?é1§/ ' §+c%%n {F\Qyﬁto n

| ndustries rai t hroug
gear boxes \Am@ssempirmyedas ér@mf ed,nhelﬁfeme@@/uﬁglmgﬁ o WEJS@@S/ a(bzus@e% meESi ng

was acconpl Vi BLH . H
El ectroni csfhe%l. ,de@ﬁi %A?'Kr%t,eml\kﬂf",mtw ﬁhgﬂ-el] g‘\&vﬂg%tgggl %aﬁﬁ?ﬁ%ﬁﬁg{%@ &béelt%_ween t he
t ransducer sbear,ithLh—lrattrcafradout Aodatrs Barlndwite (62@p0) orapsnomna@&vpﬂ 3 fiferspenqudie model

308A 3 gnﬁr{lje'q&t(% m p &?eeﬂchggf t{ltﬁh g{égih% su?l%&dl"lthe %b Ods ch-ggé'eé atSaQ:%Pr.Eﬂn

functi gned as 1on signal was u
moni t ori ng 0l5|48(§/amf>|§h>er mbemsrr {(409SF) mcbrdentoplathibe picd grom thomeksi ﬁéfpmaiy

inserting a,passekd fie webMrhlettfhs bhidkyeddi $5Q58D. IsMdrGper hinualdn@as t he web

and into the processi ng container to create a festoon. The casset
i ncl uded arteram@éa@ewé Neytos mqredeb%réFqltﬁlgseffa@Vﬁff‘é\?F'&?ﬁéw °§W6\)0ﬁ é[ht

described if,ceb&loAblAh /8 dbbie3 nfinuid. f 1 Ui d delivery system coupled to the
cassette by conventional piping 10 mechanisps, was injti e$d uefog secured
@t 3

pl acednt of t h&/PemediEnathe prAFSHEFONBIIEE 11§ Hieh YT BREh iR fist fif| engt h

of web in the.RLOGRBSI RAsSRith RRoWAST ﬁf@&b@soQJtl&zferﬁft&rsﬁrfacgloﬂthevv@lSltherOI’le
side of the cassette anode was electrified, the effect Ie\é =) pl at |Aﬁtgrougehng th

of the web Bigingapbinothgr wes Ysest taregnove excess water after rinsing. The w en passe
another composite pull roll / steering / anode roller to allow tension isolation between the plating

process and winding process, as well as steering and electrification.

25 The resulting nickel plated web passed through a second dancer and was collected at a
winder spindle which was essentially identical to the unwind section.

The resulting nickel plated web had a nickel coating thickness of about 2.2 microns. The

cross-web thickness standard deviation was about 1.9% and the cross-web thickness range was
about 5%.

30 From the above disclosure of the general principles of the present invention and the
preceding detailed description, those skilled in this art will readily comprehend the various
modifications to which the present invention is susceptible. Therefore, the scope of the

invention should be limited only by the following claims and equivalents thereof.
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The fluid delivery systemcirculated the nickel sulfamate solution at 48 C
through the fluid bearing at a rate of about 256 liters per mnute (64 gpm
or approximately 5.3 liters per square 15 centineter (3 gpm per square
inch) of fMWQ@Ea7i ng surface. The web was charged at a RGFPHIN4686f 430
anps per square neter (40 ASF) in order to plate the nickel fromthe nicke
sul famate solution onto the web. The web was conveyed at a speed of 0.15
meters perygépute an d a tension of about 0.9 Newtons per cm The resulting
effective HEREEY S e of the web in the processing solution was about 3
m nutes. 20 Upon eX|t|ng t he processing container, the web was rinsed with
distilled $aé aanmco rlSIanfe was utilized to aSSISt in the renoval of
process solu W’fron1pﬁ Sirface of the web after pl ati ng and anot her was
used to renove excess water after rinsing. The web then passed through

anot her co@aesutseanpailyl horivdnkal velspatiefor digectingmeee roller to all ow tension

i sol ation ﬁﬁtyﬁgg the(%s%%%g%a éro%ess and wi ndi ng process, as well as
steering a Peaticon. 2% fhe resul ting nickel plated web passed

t hrough a &2a@biaakt dmmamettamdmwasleazsod)deefmtcechaaﬂunaelenwmd\elner@pthnd'lse’uvmpﬁﬁhldwas
essentially i e S | at ed
web had a ni CEEFSE 8rgea asste{t)e {cho%s %nrale\%gsbdpg r(é{)}egtg SacT g@b rn?o sleHd &%ﬁnl %!érrﬁ%lg% web

t hi ckness stanﬂamﬂnﬂ@Mchﬁanmmas about 1.9% and the cross web t hi ckness
range was about 5% 30 Fromthe above disclosure of the general principles
of the present invention and the preceding detailed description, those
skilled in2thm @pauatuswdotdmgéadlwlnyl odrsinshid agpardies iy utilizedifor elagiepiess watirigons t o

whi ch, ¢ he t he
ventt on SREGRGPesiONHRbIaRiLE EHRAE R i tIERE iend VERREDRNE | 1

t her eof . 14inig, e@l'nﬁsw@ﬂic@@iﬂlin@@sw'@mBfent\dhmsitibss, fehiagrspelging or combjyations
apparatus gapprising, (a) a substantially horizontal web path for directing

web, (b) at ‘| east one processing container, and 5 (c) at |east one
cassette having at |east one functional fluid el enent, wherein the

I nsertion @f Aﬁ%gﬁdat\?stacl‘,oqﬁ’iﬁé toQ:na?mqaﬁﬁﬁ&%&n&%ﬁ@%ﬁweﬁ%&%h}‘}gﬂeaﬂh@mr edirects

said web into s rocess contalner cre ast one festoon. 2.
An appar at us accordlng to cIa|n11 wherein said apparatus is utilized for

el ectrol esg phabpdRfus acdddift fno(bﬁaﬁrgge\pﬁb?élﬁ bewetieh @ RALhASm iSdided Bhd &
swel I i ng, devel opi ng, saturatlngjh washi ng cleanlng rinsing, etching,
g

cheni cal  nimors 4@, web SRy inagevicsot u1%q:>‘éf§|°ﬁ|aaﬁle°tfl PiEect dsyice ot TR QB
conbi nat i 0Bsing device or combinations thereof.

20 5. An apparatus according to claim 3, further comprising an offset pivot guide having a driven

electrical contact roller.
6. An apparatus according to claim 1, wherein at least one functional fluid element includes
fluid bearings, sparging jets, nozzles, fluid foils, pressure pads, suction elements, fluid delivery

25 openings or combinations thereof,

7. An apparatus according to claim 1, wherein at least one functional fluid element and pressure

from fluid flow are used to control web shape and position.

30 8. An apparatus according to claim 1, wherein two or more functional fluid elements are placed

on opposing sides of said web.
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thereof. 3. An apparatus according to claim1, further conprising a web
handl i ng nechanism 15 4. An apparatus according to claim3, wherein said
web handl i ng nechani smi ncludes one or nore of a web driving device, a web
gui di ng deWQ®/08&37 el ectrical contact device, a tension REME$08g48evi ce or
conbi nati ons thereof. 20 5. An apparatus according to claim3, further
conprising an offset pivot guide having a driven electrical contact
roller. 6. An apparatus according to claim1, wherein at |east one
functional fluid elenent includes fluid bearings, sparging jets, nozzles,
fluid foil 9, Awapsssneacpadsg teeidin lowhatiengdtassettt,|upbdinsketionvietosaid Zbowpég ngs
or conbinatiqns thereonf g.éﬁQHg ar at s according to claim1, wherein at

| east one fﬁﬁ%??bﬁﬁ?mF?ﬁ?ﬁa Een eréﬁ’aeglressure fromfluid fl ow are used
to control web shape and position. 30 8. An apparatus according to claim1,

whereip t or, nore functi.onal flyid el.ements are..pl n i ng sides
of sai 8 wer®” e U B R bt TR & B Bl s AMABBE0RRS T
claiml1, whelein said cassette, upon insertion into said processing
container, is. connected to a fluid delivery system 5 10. An apparatus
according to claim1l1, wherein said web is tensioned at | ess than 1000 grans
total. 11. lAnAappparatssscadioptodiaiy 1t whar¢impaid web exhibites htesd didplasmeatdfildsi t s a

| at eral di of . . cmw thin said processing container.
10 12. An Zg%g)fé{nﬁghggé%?gﬁsoﬁﬁss%gggc}]ltag?er?h 1, wherein said functional fluid

el emedf prevents the contact of said web with rigid structural conponents
of either id.cassett 1 i 6.0ro I i appar at us
accordi ng tslg gl“é’??'%?%s a\%ﬁ@?'@?ﬁoC(r?aengild‘gﬁezghE?q%%&%{%%e{flagfﬁ\een%éf %rg\éegﬁ hepr ocessi ng
cont ai ner icentactjofisAicdetoyitiviagiy strugtuca serepdnents efieghdy saig agsyattngr spédpsedessing
insertion djistance, using nultiple cassettes, varying fluid level height
in the contalner or conbinations thereof. 14. An apparatus according to
claim1l1, wherein said apparatus includes two or nore processing 20

cont ail ers,j;a agéarétﬁsaa%Eor&ﬂgtocﬁﬁﬁqg &vﬁergﬁ‘\{ésﬂgnc@ tfrdRELE LR in fséi&’bx%c%kiﬁgent in
pro cont S

each of sai ssing al ners. o _
container is adjusted by varying cassette length, varying cassette insertion distance, using

multiple cassettes, varying fluid level height in the container or combinations thereof.

14. An apparatus according to claim 1, wherein said apparatus includes two or more processing
20 containers, and at least one cassette having a functional fluid element in each of said processing

containers.

15. An apparatus according to claim 1, wherein one cassette includes a fluid bearing as a web

redirecting element on said cassette.

25
16. An apparatus according to claim 1, wherein said web is a delicate web material or a web
containing delicate cantilevered structures.
17. An apparatus according to claim 16, wherein the applied stress to the web is maintained
30 below one tenth the elastic yield stress for the delicate web.
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15. An apparatus according to claim1l, wherein one cassette includes a
fluid bearing as a web redirecting elenent on said cassette. 25 16. An
apparatus according to claim1l, wherein said web is a delicate web nateri al
or a web ®Sh3BMiBhg delicate cantil evered structures. 17PCHHSEH#HES at us
according to claim 16, wherein the applied stress to the web is naintained
30 below one tenth the elastic yield stress for the delicate web. 16 WO
03/ 087437 P&T/USOS/q4686 18. An apparatus conprising, (a) a substantially
hori zontal WeB FRPHIFDF P&t i ng a web, at least a portion of said web

sui tabl e f@y asubstentiallpgordaonial et patdfepdisttingd vobadt ildaga pohion afisaé veeht suitabed

cont act devichhggv% QL&iQQMQ cﬂ%%g%.to said web, 5 (c) at |east one
processi ng cont ai ner con?alnﬂﬁﬁ n %Péttrodeposition solution, and (d) at

| east one cé}sretitaridabsannagt daviceé Basgpplymea dharge td idadebf | ui d el enent, wherein
the i ngert I Patq%astso%lcagr c@stsinl %&%&ine?@@nt& Fégnt etle%trgé:er & %t%on%gfuﬁo V,\glpd path redirects
the said web’ Into sa d)pro essing contal ner crgd?lng at Iéast one festoon,
wher ei n an @ppll¢astaine omssofe havichariget dne funeticdalMibid glensant, wdhereinthaimsertion of said

el ect r odeposi ' [ - : r at L ‘ding to
claim 18, mhe%@?ﬁﬁgg%gQ%FggP%%ﬁgﬁ%§?Fgégggii?ggmﬁggﬁgﬁg éﬁ%%%g%ﬂ%eviation
of coating throlkaiessreaingabloest onfesoon| elxsein @0appAratiaipplarchengs tosseidorediresglts o
claim18, fur r i Sl J | ing mechanism 15 21. An apparatus
according to LQ@fﬁ%@%gﬁ%ﬁgﬁg?ﬁmégﬁﬁgﬁg " handl i ng mechani sm i ncl udes one or
more of0 a web driving device, a web guiding device, an electrical contact
device, a tansi I.0g: e r Liaatl :

appar at us a§£5¥§#ﬁga§g§% arﬁﬁ%%%ﬁ#@f?ﬁﬁgp%%ﬁ%%%gﬁﬁéggﬁgg%Té%%a%%egfgguide
havi ng a ddaviation eflcegfingitiiehinessohakout 4% of lessr . 23. An apparatus according to
claim 18, wherein at |east one functional fluid element includes fluid
bearings, sparging jets, nozzles, fluid foils, pressure pads, suction

el ement's, f3iAh appirptuepogordng togeim Ifgiirther comprisingatvdbendling megifanis®4,  An

appar atsus according to claim 18, wherein at |east one functional fluid

el ement and pressure fromfluid flow are used to control web shape and
posi tion. 21. Anapparatus according to claim 20, wherein said web handling mechanism includes one or

more of a web driving device, a web guiding device, an electrical contact device, a tension

sensing device or combinations thereof,

20 22. An apparatus according to claim 20, further comprising an offset pivot guide having a

driven electrical contact roller.

23. An apparatus according to claim 18, wherein at least one functional fluid element includes
fluid bearings, sparging jets, nozzles, fluid foils, pressure pads, suction elements, fluid delivery

25 openings or combinations thereof.

24. An apparatus according to claim 18, wherein at least one functional fluid element and
pressure from fluid flow are used to control web shape and position.
25. An apparatus according to claim 18, wherein two or more functional fluid elements are

30 placed on opposing sides of said web.

26. An apparatus according to claim 18, wherein said cassette, upon insertion into said

processing container, is connected to a fluid delivery system.
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25. An apparatus according to claim18, wherein two or nore functional
fluid elenments are 30 placed on opposing sides of said web. 26. An
apparatus according to claim 18, wherein said cassette, upon insertion into
said proc¥s03987480nt ai ner, is connected to a fluid deli RFHUENE4EM 17 WO
03/ 087437 PCT/ US03/ 04686 27. An apparatus according to claim 18, wherein
said web is tensioned at | ess than 1000 grans total. 5 28. An apparatus
according to claim 18, wherein said web exhibits a | ateral displacenent of
less than 0.2 cmw thin said processing container. 29. An appar atus
accordi ng t%. AredppardiBs acsbrdingitarclsian 18, #hemgib saddathb ibtanisidnedlaemnbanpiloe&'gams t he
cont act of g\d web with rigid structural conponents of either said
cassette or said proceSS| ng 10 container. 30. An appar at us according to
claim 18, wherein resi dence time of said web in said processing container

i s adj yst ed,py, ng t var S

i st ance, & SO R BrirEM ey U M BT E b P ER b

cont ai ner oﬁham@ﬁbmmatﬂnmsi nrdmexsengfcontalﬁer31 An appar at us accordl ng to claim
18, wherein said apparatus includes two or nore processing containers, and
at | east one cassette having a functional fluid element in each of said
processi ng 2% ot apareusacc@@ind2o cldim l3pwharein srd tuoctonali fivid ¢lemeant preyanks8he wher ei n
one cassett C [ ., 0n said
cassett o, apmIrESetuln Nl SRR Bhefls WPt S BB PP ETRIR 01,

del i catle wetpntmtesri al or a web containing delicate cantil evered
structures. 25 34. An apparatus according to claim33, wherein the applied
stress to the web is maintained belowthe elastic yield stress for the

del i cat e wel). /Btappaatuapsardingis claiockds dharejn residedcgitime bEsaiduvelr inis#id pegkessiag | east
one cassett gr&%pl functions
as an oppos?otng%%otéqgﬁﬁgq 6}}\%@ r?gncassg%'pla S'%r?gl(g,go ‘g{%grgselt%ggg %%1%1%%& wher ei n
said at | eastltipkeassettss srtying fhid lakbbeight in thasntaiseor cvmbkiatians theesbbct i ve

deposi {d on of said el ectrodeposited coating on said web. 18 WD 03/ 087437
PCT/ USO3/ 04686

31. An apparatus according to claim 18, wherein said apparatus includes two or more processing

containers, and at least one cassette having a functional fluid element in each of said processing

containers.

20 32. An apparatus according to claim 18, wherein one cassette includes a fluid bearing as a web

redirecting element on said cassette.

33. An apparatus according to claim 18, wherein said web is a delicate web material or a web

containing delicate cantilevered structures.

25
34. An apparatus according to claim 33, wherein the applied stress to the web is maintained
below the elastic yield stress for the delicate web.
35. An apparatus according to claim 18, wherein said at least one cassette includes either an
30 anode or cathode and said web functions as an opposite potential.

36. An apparatus according to claim 35, wherein said at least one cassette includes at least one

mask for selective deposition of said electrodeposited coating on said web.

18



37. An apparatus according to claim 36, wherein an anode is attached to
said at | east one mask. 38. A nethod of processing a web, conprising
inserting at | east one cassette having at |east one 5 functional fluid

el ement acM®s®/08743Ubst anti al |y hori zontal web to introducRCKEIF46E0 into a
processi ng container thereby formng a festoon. 39. A nethod of processing
a web conprising, (a) providing a substantially horizontal web path or
directing a web, 10 (b) providing a processing container, (c) inserting at
| east one cassette having at |east one functional fluid el enent across said
web pat h t¥eAebyparatdiacerdingig ckhan 86, wabreinranengiiigatioried ésRidey lessohamadsr t o
create as | east one festoon. 40. A nethod according to claim 39, wherein
sai d processing container includes an 15 el ectrodeposition solution and

sai d met hod38 Wy mbthed efomressings veeppdoyipriginginssitanege leash oscadaskeiieimving at lpatsoglru:ce an
el ectrqde t 4 ai m 40,
whorel 1 oo SR ARG REL Aol fors R BB Sh A el A & Ve
functi ons amocgssinymonBincethgrotydfniniieg a fetoord2. A met hod accor di ng to cl ai m 40,
wherein the el ectrodeposited coating has a standard deviation of coating
t hi ckness of about 4% or less. 43. A nethod according to claim39, wherein
sai d net hod39+ A methed ofgrockesing@lveb cooprsyne. pl ati ng, 25 el ectrodeposi ti on,
delamnating slidRRlaMdyshRlfo ngoma(#@g%%fbmw f3Luf8t i ng, washing,

cl eani ng, | nsi ng, I ng, em cal atl ng, solvent deposition,
fum nd?0 spalbyi ngrqyrdlrtgcﬁrmpwmingcmstamsrher eof . 44 A nmet hod according to claim
39, further, o i1 y
System 45 meChak Sdcn e ceres et AR, et et e R R
at |ess thamthltbwebygﬁ@zrmtm&%tdaveb lmgsmregﬁﬂmmmmwcws@af UQ%S'EF fetgpn. A

met hod according to claim39, wherein said web exhibits a | ateral

di spl acenent of less than 0.2 cmw thin said processing container. 5 47. A
met hod accotdifgethed ascerding STclaipndr wharein gid rasreeng joniaings indudedameb in sai d
processgi g ¢ &aBkpbREn doftiBthddShif the¥bd ‘ﬁﬁ'{h)ﬁ' J&%pﬁ% 51318 & Eaehy skl B9
cassette insertion distance, using nultiple cassettes, varying fluid |evel
hei ght in tieducepr elfawerdengpited sprsingan rashiett her eof . 48. A net hod according to
claim 39, wherein said nethod includes two or nore processing

41. A method according to claim 40, wherein said cassette includes either an anode or cathode
and said web functions as an opposite potential.

20
42. A method according to claim 40, wherein the electrodeposited coating has a standard

deviation of coating thickness of about 4% or less.

43. A method according to claim 39, wherein said method is utilized for electroless plating,
25 electrodeposition, delaminating, stripping, swelling, developing, saturating, washing, cleaning,
rinsing, etching, chemical milling, coating, solvent deposition, fuming, sparging or combinations

thereof.

44, A method according to claim 39, further comprising connecting said cassette to a fluid

30 delivery system.

45, A method according to claim 39, wherein said web is tensioned at less than 1000 grams

total.
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10 containers, and at | east one cassette having a functional fluid el enent
in each of said processing containers. 49. A nethod according to claim 39,
wherein one cassette includes a fluid bearing as a web redirecting el ement
on said ca¥d®e30874315 50. A net hod according to claim39, MHEPYBMAIEai d web
is a delicate web material or a web containing delicate cantilevered
structures. 51. A nethod according to claimb50, wherein the applied stress
to the web is maintained below 20 one tenth the elastic yield stress for
the delicate web. 52. A web having an el ectrodeposited coating produced by
t he appar at#s ‘ofmethbdrarprdiBig tbPaimBehereic sod demgkhtbits e lagdrahdBRlacemteatr «ilass t he

electrodepdﬁh{@?cﬁqg& id @%e%rﬁ%@ﬂﬂﬁéd deviation 25 of coating thickness
or .

of about 4 ess avi ng an el ectrodeposited coating produced
by the nethod of claim 39.

5 47. A method according to claim 39, wherein residence time of said web in said processing
container is adjusted by varying cassette length, varying cassette insertion distance, using

multiple cassettes, varying fluid level height in the container or combinations thereof.

48. A method according to claim 39, wherein said method includes two or more processing
10 containers, and at least one cassette having a functional fluid element in each of said processing

containers.

49. A method according to claim 39, wherein one cassette includes a fluid bearing as a web

redirecting element on said cassette.

15

50. A method according to claim 39, wherein said web is a delicate web material or a web

containing delicate cantilevered structures.

51. A method according to claim 50, wherein the applied stress to the web is maintained below
20 one tenth the elastic yield stress for the delicate web.

52. A web having an electrodeposited coating produced by the apparatus of claim 18.

53. A web according to claim 52, wherein the electrodeposited coating has a standard deviation
25 of coating thickness of about 4% or less.

54. A web having an electrodeposited coating produced by the method of claim 39.

20



