"1 4 JAN 2005 METHOD AND APPARATUSES FOR ELECTROCHEM CALLY TREATI NG AN
ARTI CLE This application clains benefit fromU. S. Provisional Application
Serial Nunmber 60/221,771 filed on July 31, 2000. Cross- Referenceh t/aN 2005
Rel ated Applications 2.1 The subject natter of this application is related
to the subject matter of U S. Patent Application Nunber (EH1 0266) filed
on even date herewith by Parish et al. entitled "Method for
El ectrochem cally Treating Articles and Apparatus and Method for C eaning
Articles.” Baqyameion AND APPARATUSES FORBLUECRROCHEMICALLYTREATHEG! | on
relates to a nethod for el ectrochem cal I_ly grocesm ng articles, such as
cylindrically shaped, holl ow tubi nd\MARTICEE and nore specifically, to

"ot ormat on 5.2 1S <pelaer SRmE BraBlitiandy &L PR BRaL BBEIHHER el i ng
used in the aerospace NghBer dtveot i inlled DnUAR 3 opobd.owi ng fuel,

lubricating fluid, hydraulic fluid and the like, typically in
hi gh- pr dsssdiefgpnasaloi Beletedripplicationg is rel atively small in dianeter

(less t o] | i | VAo t] ent in
braze mivar i ate SdbeCRRns’ot ¥k EfocpoB B el B BRSPS IR S ™
snoot h B&t@ﬁﬁAppli&t@n@Q@Mb@g%_EH—mw) fildd/omepén edtdRerEth binPagieRtetclt ubi ng
has controlled tolerances. The snpoth surface and controlled tol erances

ensur e tenitledapiathed jor Elgeechainically TgeatingAdicleseand Aepaeatus éndiMathast o a

predeterfm@f\éﬂa(ﬁﬁ@A%, en the tubing and the conponent. 5.3 One approach
for providing the coafing uses a plating process having a | arge- scale bath
and includes disposing nany pieces of tubing in the bath.. A large-scale
plating bath may not efficiently use the plating solutions, increasing
purchasi%ﬁc‘@é%‘t'%do fhe InMepdeRi ng di sposal costs of the environmental |y
sensitivpe%.t@&ﬁ.ﬁ&pendi ng on 1 1 4 JAN 2005 the location of the tubing in

t he bath, ubl ng m ght receive a thicker than desired
5.1  This invention relates to a method for electrochemically processing articles,

such as cylindrically shaped, hollow tubing articles, and more specifically, to

methods and to apparatuses used for plating processes.

Background Information

5.2 One example of holiow articles requiring plating is tubing used in the
aerospace field. The tubing is used for flowing fuel, lubricating fluid, hydraulic fluid
and the like, typically in high-pressure applications. The tubing is relatively small in
diameter (less than one inch) and is typically joined to a mating component using
braze material. The tubing frequently receives a coating to provide a smooth
surface. The coating is carefully applied because the coated tubing has controlled
tolerances. The smooth surface and controlled tolerances ensure that capitlary
forces will urge the braze material to flow into a predetermined gap between the
tubing and the component.
5.3 One approach for providing the coating uses a plating process having a large-
scale bath and includes disposing many pieces of tubing in the bath. . A large-scale
plating bath may not efficiently use the plating solutions, increasing purchasing costs
and increasing disposal costs of the environmentally sensitive waste. Depending on
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coating or a thinner than desired coating. In addition, a |arge-scale
plating bath may well be located at a site renbte fromthe Iocatiqgoﬁf
whi ch the brazing processes are carried out. 5.4 Another approach N 2005
providing the coating is a brush plating process. The electrolytes used
for brush plating have a higher nmetal content than electrolytes for

conventipnal plati t.hs. Brush.platin rocesses. e oy, .a .carbon. anode
or apped T tacalsRtidfie 8B e BReEHER g GRS REBBIR LR} fRh eS8l

el ectr O!dda@ng\ﬂnlasmimfer_eﬁéﬁ Bkkiréd £BaBsdl RYSddtiONSA Iarrgéﬂa%a@ pRiiAGioAeh may
deposi tion. current is passed through the pad and to the arficle as the

oper at orwellLipg lagsded atia siterremede &igm theelocation ahwhithaiederazing procepsessare
pl ati ngcorrOé:\iss is little waste and acceptable levels of tine for work in
process. AL %F the process is | abor-intensive and variations in

t echni que4f r oxAGAGF ahProakh f@pgfoﬁﬁd?ﬁg s E6ATR) sheblish piatihg prodeds! Teisel v
controlling the plati ng t hi ckness. "I n addition, the operator nust handl e
r

har sh clggteqlytesdisedrfgr Brusirplating haveechighgr meta!mestenidhan sirctralytesfae

Fepeti ¢ (o2 BplioB HatntFodRS: BhaSABa RS A e IR SN dnieer 1%
wor Ki ng wiageedtine dbndeetivepadl Thapgdndianve pasiss goared &y thesokgitblyte Thagel op

a plating process and apparatus for use wth such processes that provide
ef fi ci erl¢ egsentidl te grhievetighasrates ehplating dgpositing; AyCuifRitide Pasgeddyropgh

i nstal | gfaifd ot‘g{%rai?ﬂél%%sme%%@{&f rﬁé? hfj&’ ﬁ&& 098y ﬁ1e1§J|Jf$c§e invention is

predi cated 1 n par e recogni'tion t st ng concenfrated solutions of
t he type.Bavisyabivagitageratitiad bastt plating rocess igilitte Wwagle apd adcgitablenigvesy

fadvant agel;o,usl}/ be used in |ocal work areas by usjng. dedi cat eg | at.i ng.
cel Is. 19 e fogwerkiR PEpeasted IBWOTRBERTOPAT ISapoHRiPRsYE anBeRrEtings e
provi degﬁﬁhrﬁiau{e ltiph opefdtsf fSopdtatolh&ERke thé Pﬁfié\ﬂty%ﬂﬁ%fs%ﬁ/ @&ﬂrollirgg the

el ectrochem cal processes associated wth plating. I'n this context’

el ect r oqitating tilickness e 48 @slditione tha opgrateredesthande fharstanheaigdls deringuch as

et ching, ,jact.ivating and el Ctrfﬁllﬁtailn and ﬁt her steﬁ% t hat ur.r ent
2t

hr ougn SEATNG ANPGTIRRY afcEmisgt Bald aqEmole 466 aRepa il a rgRettRE Moflea alyce

wher e tf&u%ééifsﬂi%:@sﬁémrpﬁﬁgmfcéda@ré eftiveodi®Sion \Watiegr as an anode or a
cathode. 2 14 JAN 2005 Rinsing refers to those steps using an apparatus to

prepar e 3.6e Segasdiaghy se@msisnnd engineers working under the direction of
Applicants Assignee have sought to develop a plating process and apparatus for use
with such processes that provide efficient use of solutions, efficient use of rinsing

water and may be installed in local work areas.

Summary of Invention

6.1 This invention is predicated in part on the recognition that using concentrated
solutions of the type having higher metal content for use with high-speed plating may
advantageously be used in local work areas by using dedicated plating cells. itis
also predicated on recognizing that dedicated cells may be provided with flow
patterns that promote rinsing processes and electrochemical processes associated
with plating. In this context, electrochemical processes refer to process steps for an
article, such as etching, activating and electroplating and other steps that pass a
current through an electrolyte. The current is passed between a pair of electrodes
where the article acts as one of the electrodes, whether as an anode or a cathode.
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contam nants fromthe surface with a rinse fluid, such as by renoving
electrolyte fromthe surface with rinse water. 6.2 According to]&hﬁNz
present invention, an electrochem cal cell for perform ng an 605
el ectrochem cal process includes a first el ectrode having an el ectrode
chanber for receiving electrolyte and an article which forns the second

From  nETEDE PR Iribse BACRRR N TR o ppetd e Fufdcd REFeRRURED" "

| N accogdapesinahishirérnahgsesiack wmvamheemwd hseichl Bchy cémbang@@@tgﬁ fes | n
flow conmunication with a source of electrol yte to flow electrolyte to the

el ect rolfmth%mwﬂbrﬂnﬁg waier.e| ect rochem cal process. 6.3 In accordance

with on | 1.r11ng
the ele tf 3{ Spd' Q?‘gg*ogg@”?' rﬁ)&ﬂtl roc Cyrz#ﬁgﬁ'celcleﬂﬁapﬁ?%@ P é\rllggr{a

| at er al e@ct@chémﬁzﬂ r;ﬁ@(tesid mttl%id@@let first eletdnedel recéinghs ete@denehdrhber foasses
to electrolyte passage. In accordance with one detail ed enhodi nent,

the el e¢@¢amngrﬁl%%trolﬂe|andwa@ aﬁlclgwm@ F%Wethef%ﬂcogdu%*?%oquen%mhm@ as the
ticl | h
ar&1 o1 ibosBathigfin B o it BepEbRBCRIL AR fohine s ddcrsse g |

and t he passage ﬁ)realéetr:dytealhembe:t#weegm de nenber. Accordi ng to anot her
enbodi ment, the first el ectrode extends, circunferentially @gt an axis A

to formh &CePianee AftLeRRFeRtINKaRHON tﬁﬁﬂﬁfé?"'ﬁﬁd’a@ﬁ@g@&% | ectrode
(the arthldinibatioR with'd ualiRet eiétalyitb IR BcRBIVES to MY ElBotrlytpaced from

the first ectro | eaving an annular el ectrolyté passage therebetween.
6.6 Ac c padsage UurnhQ&@BMhemprmes%l met hod of el ect rochem cally

‘treatin n article using a of, el ctrod s i, ncludes: 0si n first
b eat 1 odid andarciBgrs vah,Sn@ GelaiBh STERULET B yBF brsEny iMatoR Afkels { of
recei vi fgr Mrlmgembr@é&ﬁr@zytéins&n@éosw inGthe @dtashemialtded féhr’mb@mngdﬂ sposi ng
the article inthe electirode chanber to formthe second el ectrode and

pl aci ng lateeal o cradméerestinbedotity )l Beteleetsplyieoaming tewipgsses th eledleolyle st
el ectrog]% ﬁ?@% passing el ectrical current between the electrodes to
el ect r o7& 1ly affect a surface of the article. 3 1 4 JAN 2005

In accordance with one detailed embodiment, the electrochemical cell has a
guide member for guiding the article as the article is inserted into the electrochemical
cell.

6.5 In accordance with one embodiment, the guide member is disposed within the
electrode chamber and the article extends about the guide member.According to
another embodiment, the first electrode extends circumferentially about an axis A to
form a circumferentially extending chamber and the second electrode (the article) is
a circumferentially extending object which is spaced from the first electrode leaving
an annular electrolyte passage therebetween.
6.6  According to the present invention, a method of electrochemically treating an
article using a pair of electrodes includes: disposing a first electrode about the article
to form at least a portion of the chamber for receiving an electrolyte; disposing
electrolyte in the chamber; disposing the article in the electrode chamber to form the
second electrode and placing the second electrode in electrical communication with
the first electrode; and, passing electrical current between the electrodes to
electrochemically affect a surface of the article.
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6.7 In accordance with one enbodi nrent of the present invention, the method
I ncl udes flow ng additional electrolyte into the el ectrode chanber and

di splacing electrolyte fromthe el ectrode chanber during the step of
passing an el ectrical current through the electrolyte. 6.8 In one dét&iNJEh
enbodi nent, the nmethod includes flow ng additional electrolyte into the
bottom of the el ectrode chanber and overflow ng electrolyte from the top

of the eBett r dnlacchwaiznes with Oné endreimeanstthy preseneineehnsh TAetmethbg et hod
i ncl udes b?undl ng the electrode chanmber with an el ectrode, disposing the

article iNFlYgRs U@ningradditional elegipiyernto thevkegiredechambet éﬂﬁlﬂiﬁmwng he
ci r cunt oPieoftp 3D S eloRORe ot ber o e85 o Bt fa dBeRlctal o bl ock

t he for maurrent thiroggi Itrwblelcnfdmd variations in the concentration of the
el ectrol %te ?mlo In accordance with one detail ed enbodi nent, the article

is atub opg&letalirsiembrgirarnt. thesmethgd instudesdiowiagiaddgionsl A pri mary

feature i rst
el ect od%‘eﬁﬂa‘éﬁ@ext 3R SAERTD! B0 4120804 LG HRE ARE SR S I8 ot
Anot her theatopr ef the electesdmdhameet.r ode which is the article being processed.
The secggé:l el ectrode is di s&éed i nwardly of the first el ectrode |eaving

an el ect Pol yt & aperdapee vk epR embdiment, dhe mathedinrindes baundingdhbe ol yt e
passage bredwadte'a%%wwbﬁ Ao, i SribRl inSHBREKIIDIGhECt T ol vt @

and renoving electr under opefatl I 'ons n one detarled
embodi meshambef dinawing elscttmﬂestbpmlgw thedraliant oMhecalettrede ciahibesiamd r egi on

d di d t ream. of the eect ech nber. 6.12 A prjmary
2dvant aglobing HeBRREE HORRIIE Arom clrergeBlinhes Eadigd corminaci ot ueBeiini oh

resul ts abel el dtickag tﬂ@él@ﬂ'leci%lrrlnﬁtlaﬁ‘é'f Egrréﬁﬁﬂn'dulé@c{jl YEBatiGhs frl #hed for

repetitively performng a plating operation. Another advantage is the
ability pgn@@*etraimpfctéelaiemmly@ relatively small area conpared to |arge

B acent 511 ¢ 1 pdg=PEe WiLong R b Bimeint e e df e 1-bBbcAneBonavi ng
a pl ati ngneg@ehahitrerinascd egimdpicakwallty to an area which perforns brazing.
Anot her advantage is the quality of the coating which results fromthe 4
6.11 A primary feature of the present invention is an electrochemical cell having a
first electrode which extends about at least a portion of an electrode chamber.
Another feature is a second electrode which is the article being processed. The
second electrode is disposed inwardly of the first electrode leaving an electrolyte
passage therebetween. In one embodiment, the electrolyte passage is in flow
communication with a conduit for supplying electrolyte and removing electrolyte
under operative conditions. In one detailed embodiment, a feature is the supply
conduit which has a diffusion region and a swirler disposed upstream of the
electrode chamber.
6.12 A primary advantage of the present invention is the efficiency of the process
which results from using dedicated cells having small volumes of fluid for repetitively
performing a plating operation. Another advantage is the ability to use such cells in
a relatively small area compared to large plating baths, with the small area enabling
locating the array of cells adjacent to the area for the next operation on the article,
such as having a plating apparatus in close proximity to an area which performs
brazing. Another advantage is the quality of the coating which results from the
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"14 JAN 2905 nethod of flowi ng electrolyte through the coating apparhé UaN 7895
reduce current induced variations in electrolyte concentration. In one
enbodi ment, an advantage is the quality of the coating which results from
di sposing an el ectrode about the article at a uniformdistance fromthe
surface of the article receiving a coating. Another advantage is the

quality | ' r Sy fr I.SPOSI t.he coated article

o oht v RetidREoRRkbO LRl RAllding: AR as Ao ey EluBhhyC: be
first elindutegieariatishoineclesisigie®dicentiatiody anongembodifriVar 8a086taek is
short-circuits as the article is inserted into the el ectrode chambér which

resul t s heswalits aigthe cpating whish sesults fremsiispesing ra aleetredaabout the astielet r ode
harmber, ,;t.he guida. i i 3 f trical
curron e St BiskeEfrofithe AL U8 At eddiinB RRBARG ABp G ©°

f eat ur esaduahtaghy nthagfmliof ot ihe qyaidgwhichvestlisoiom dispdiag e coRIce afipry ent
in light of the follow ng detailed description of the best node for

car ryi ngvéhin the eleglinde anch ayeidingcstoifidre belyesndie myticle gnddhedissteleptrpda. of

t he Drawj 7 | ' ty ' f r r r.f.orm ng
bl at i ng. e ehicbbiinerd, pf AARIETRAE h BubldEicR o MRARARIAL U5 RlartiFe S

movi ng anpémedinto yhe klettade! craniteoumbich rebeitehain wging wsgwide inmstebenth and

r ei ndexi ng .t he arti.ck?e_s Wth respect to the electrochem cal cells of the

appar at USIHOMbING ticle indhg glpgteiecehianaber. die gridemember not Harfeeng vath f or
performipg s8EGE D e?é&ﬁéal'd&Y@anBﬁ\éé?r?ﬁié’ﬂsFHﬁét‘%gg?rﬁ]&;[eiﬂ%ﬂgxdélg? cell in a

nmet hod of ectroplating an artic such as a g. 3is a
cr oss- sezfl Bonbhe {aregoinig fehtures actrasbheatagas ofdbklpreserfiigverticnakdirbecanoag t he

1 3-3 of Fig. 2.af i al ]y brok for clarity; 7.4 Fig. 4 i
per spect TOE apesiest highiitehs Sy Aeflsdiscr Plieh afie bestantoe fown | n
"Fig. 3; darhifd 8ut thd i&vénwéreahab@ebmpah?ir@fqramﬁgbsi ng cell for performng a

cl eani ng process step which includes flow ng a predeternm ned anount of
rinse fluid to the cell; 7.6 Fig. 6 is a cross-sectional view of the

rinsing §§%f|D§§ch;Eti%n é‘*?'ﬁ?a‘”ﬂ fng the line 6-6 of Fig. 5 whichis
partiall y, the rinsing cell being shown in an
oper at i VR1Corgigt il 99 aperspectiviensewdf ein @fpaatiscioe peFomhingSpiating HAeing a
schematic illustration of an indexing device for moving a plurality of articles through
the coating system indexing and reindexing the articles with respect to the
electrochemical cells of the apparatus;
7.2 Fig. 2 is a perspective view of an electrochemical cell for performing process
steps involving passing current through the cell in a method of electroplating an
article, such as a tubing;
7.3 Fig. 3 is a cross-sectional view of the electrochemical cell of Fig. 2 taken
along the lines 3-3 of Fig. 2 and partially broken away for clarity;
7.4  Fig. 4 is a perspective view of a guide member of the electrochemical cell
shown in Fig. 3;
7.5 Fig. 5is a view from above of a rinsing cell for performing a cleaning process
step which inciudes flowing a predetermined amount of rinse fluid to the cell;
7.6 Fig. 6 is a cross-sectional view of the rinsing cell of Fig. 5 taken along the line
6-6 of Fig. 5 which is partially broken away for clarity, the rinsing cell being shown in
an operative condition during rinsing of an article, such as a tubing.
5



"1 4 JAN 2005 Detailed Description 8.1 Fig. 1 is a perspective view of an
apparatus 10 for perform ng el ectrochem cal processes, such as a;ﬂ%ﬁﬁm§m5
apparatus for applying nickel plate to tubing. Fig. 1 includes a schematic
illustration on an indexing device 12 for noving a plurality of articles
t hrough the plating system The indexing device includes one or nore
carriers, as represented by the horizontally extending carrier 14. Each
carrier has a plurality of openings 16 which adapts the indexing device to
recei ve pPepllod @Wdseyiphdbn articles, such as a plurality of tubings 18. Each
tubing has an _outer wall 19 and an_ inner wall 20. The indexin? devi ce

j2

ijncl udes8.a suppol tis Q?W%iVﬁiW of fgapraiahs t0 faupesioraing plestroglemigidxi ng
! . ! g . : o .
The appanBpBess, S5 a8a BRRhORPARAIIR VST EMRG dAT LI NGO 00dd

pl ur al i tinclotes al dchentutic llustedtiorgon b iadéxial eeviceuhicrsneving ta plaksingy ol
cells and rinsing cells. The electrochemcal cells for electrochemcally
t r eat i n@itiplestmiugy the Pladg swdame dThs indexingedgvice Ieludes ongor g0reThese

cells arge, f | Lk han g ' t he
¢ epr eserEuliB( B8 (ppresa Rty WIERBRFoRA kenRR Lol th ZEdch i FbERAS 8
di scussegslukiborf openinge 18athich adapththel iadéxing hiewicedb reebiveZplu2dity 28, 32 is
in flow conmuni cation with 34 suppl éé@gsel ectrochenm cal fluid,

i

) ans fo )
such as /dFiggt Py es @ RV gﬁﬁugmso@t Fach b RN Pt LArd @t 0 as
an "el ec " i : | ' '
reservoilbhgg\?{lggzgum%g?%g’@iq%?éw%mc%@os[w?ﬁ%@ ggﬁ?ﬁ%?@?%ﬁﬁ@%@@@m I n
Fi g. 3, wbich carsepiileyinderidgidevice and psovidesufar condndois mideheentaipipideximg t he
‘el ectrol yte an%rmm ng the electrolyte fromthe interior of the cell. In
the enbd VigsR INCRah (e appaiatts, of the supply conduit 44 and return
condui t &6 args BAGNGA F%.eﬁttﬁ@?mm?@dpéiﬁids AN hcides s pluary @ ckhefdmt eri or
of the electrochemcal cell. 8.4 The plating apparatus 10 includes a
pl ur al i tiyeating thestrtigles esuich agislackipocbeminal gellppndiimsincheelisy the | s 48, 50,

The 11 nehReTRrmicAPeflset BRTEEhE Blodlly Haynudk ibin Uik Mo Rpt by e
detai | hsdieve4, B&c g 82sTheseekells iase farniddi thesanne ardnnen andtdrerghs 54 for

supplying a rinse fluid, such as deionized water. The neans inc|ludes a
r eser voi $M8! ingdegign te the representative cell 32. Cell 32 is shown in Fig. 2 and Fig. 3

and is discussed below in more detail. Each electrochemical cell 24, 26, 28, 32 is in
flow communication with means 34 for supplying electrochemical fluid, such as
electrolytic fluid. Electrolytic fluid is commonly referred to as an "electrolyte”. The
means for supplying electrochemical fiuid has a reservoir 36, a pump 38, a filter 42
for the electrolyte, and, as shown in Fig. 3, both a supply conduit 44 and a return
conduit 46 for supplying the electrolyte and removing the electrolyte from the interior
of the cell. In the embodiment shown, a portion of the supply conduit 44 and return
conduit 46 are part of electrochemical cell and extend through the interior of the
electrochemical cell.
8.4  The plating apparatus 10 includes a plurality of rinsing cells, as represented
by the rinsing cells 48, 50, 52, for cleaning the electrochemical fiuid from the tubing
as required. The rinsing cell is shown in Fig. 5 and Fig. 6 and is discussed in more
detail below. Each rinsing cell is in flow communication with means 54 for supplying
a rinse fluid, such as deionized water. The means includes a reservoir 56, a pump
6



14 JAN 2605 58, a supply conduit 62 and, as shown in Fig. 5, a return
conduit 64 for supplying and renoving rinse fluid. In the enbodi ngniaNdwn
in Fig. 6, a portion of the supply <conduit 62 and return conduit 64 are
part of the rinsing cell and extend through the interior of the rinsing
cell. The return conduit is in fIOM/connunication with the reservoir 56 or

Flord 7 oS irufly EBRRURETAE hetdhat rEHEP s ol BB E%f%%’%épiv‘:hb”?héhe
el ect r ochgdrigrabvinglrinse fRigh |ram90émbba@nerﬁt@lﬂomﬁ2;n A b 6 £4 poHioPeoaRb GRIpphe! |

has an axis A and has an outer housing 66 having base 68. The outer
housi ng ¢giluitcfesand fRiurn zonduit 64 e nandef tberrmlﬁgetaeihan@extpndatbmgmh@ ceI | .

Fio. o 110y R adEnbRA toBReRRFpAuCh i Yoyt SRR ARRIRIT I BER: o7 ot

Fig. 2. reEbavdi 56 6r aﬁghﬂmmﬂmmwmrﬁumaﬁmw.m Dsoprnavehowy fogl arity. The
el ectrochem cal cell ~"has a first electrode, as represented by the

car bon- rﬁQi'teF:H'ﬂl@ntQﬂ Heidfenatendispasali i rst el ectrode is comonly referred to

as a carpen ¢ ﬁcbr@gfpegépgﬁm% legxyg%f%lr fio &Sy gheﬁﬁ&aleée‘ﬁ té@%f?gﬁ%%éo out

| east a portio Suc exten circurnter

t he cel | cdlio3d.oTheatecttanticntidel adiiamdxean &Qisfmandm‘&l an ogter @loesingde havinghe
el ectrode, chanber_has a first region, such_as a bottom 82 of the el ectrode

chanber ; 2 BAg8 §5s e%@“tﬁé@PHﬁ'”gs'%Wd% a wall Y8 vhaagh sirtangis clicugfetrdially harrber
8.7 The Sh&RLKOLE! CHaRRG) B é‘@égt?gz ﬁ%\gcf ggj’e@grﬂ%?h ‘?ﬁnj re% iVind fhel ©5f1d/

electrolyte and to recelve a sec ect ochem
cell. Th&b sa‘EngnB iz harosodeciianaliveevaof e eslb@2 t@}(anaioegstbei]msae:hanlg h‘:‘e
't ubi ng

tecond of ns Fraesmonglviefih Hartally bibkef Bssyaa: FRVEh B idlisebemicasl 5o

under safgk QRRStAHISMPEO MY rtepeélsenT@@ b§eRE RErRIrLFEiAGR bibcHHIS 6. Ml ﬁ?flsk y
fromthe first electrode |eaving a gap G therebetween. The gap G extends

about t helepleedera eamatonhhesferredite astreaaiban alestrodmar howsieg glettiidect the yt e

ot or ruptiahehiefS Rt SR BbiiBh 88N 4R Val PRgAE Sediia Suli e ot aret er

D, whi Cf‘bifcﬁm’ﬁf@ténttailmwlﬂmélé@wﬁ) ﬁ:emtaroa@btr@ﬂ@@harrmrmﬁm eycdifiagper i met er
of the tubing and_di vi ded the perineter of the tubing. In the

embodi meRlECckalyith, Th%@'&%}%ﬂh%ﬂmw@ a/firsteegigpouch ag A wtczm 820fttAe of an

Inch  glectrode chamber; and a second region, such as the top 84 of the electrode
chamber.
8.7 The electrode chamber 80 adapts the electrochemical cell to receive
electrolyte and to receive a second electrode 86 of the electrochemical cell. The
second electrode is the article being processed, such as the tubing 18 which has the
outer wall 19 and the inner wall 20.
8.8 The second electrode 86 (or tubing 18) is disposed in the electrode chamber
80 under said operative condition. The second electrode is spaced radially from the
first electrode leaving a gap G therebetween. The gap G extends about the
perimeter of the electrochemical cell and forms and electrolyte passage 88. The gap
G is circumferentially continuous but might be interrupted in alternate embodiments.
The tubing has a hydraulic diameter D, which is four times the cross-sectional area,
bounded by the perimeter of the tubing and divided by the perimeter of the tubing. In
the embodiment shown, the hydraulic diameter was about four (0.4) tenths of an inch
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7 14 JAN 2005 or about one (1) centineter. They gap G was about two (0.2)
tenths of an inch or about one-half of one centineter (0.5 cm. Thus, the
hydraulic dianeter Dis about twice the gap G 8.9 The el ectrical 1'éi M85
i ncl udes a power supply (not shown) for providing direct current to
apparatus 10. Depending on the operation being performed, the tubing may

be either the ano or..the catho the_ e [ | | . hat . causes
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avnay franaithe-hatbbngne kentifRtdbi Mem).s ThDS, wathyaeilic admerr O Isatoutowar d
the tubing. In the enbodinent shown, the tubing is the cathode 8.10 Fig. 4

is a pewspethe gap G.ew of a guide nenber 90 of the electrochemical cell. As

chanberb80 1Bre sliaiva) brsditinaliods 3 85 e bam Bt Shuhbul e BeEl  Ge°
member cm?éntﬁo%%%;gr&gisg@éi DEpéndiAgdnae Dpetarm Beind aeHbane thartdbigi n the

axi al direction. 6 extends axially fromthe seat and is disposed in
t he el emayddeeitheartbeandde orthe cpthodadefphs elantricalicifeuihthaberuses Pigsi tion t he

tubing in the chanber as it enters .and is dispaosed.in the c avoi d
cont act9|58{r i F%E“ﬁ?i“io_ﬁ‘g [Eﬁ'@ Wh@gépé'&? PBBES uﬁ?@%%‘ﬁ? ag‘gar}’ti‘é'{ns}hghe t ubi ng
at a pre@ier mietding & icdtRo@8 i@k fdlvstbRakPheagbing! @nghd of tubing
has entered the chanber. A proximty sensor 98 confirns that the tubing is

in its embodignentaimvwrodhedublling Asthé ealbeded above with Fig. 3, the annul ar

assage for el.ectrolyte,.is . bounded th | g rode
?6 ang ?ﬁ&arg'gystﬁ/at%%'séﬁﬁh‘l%wegn aa§ 'gg%%ég#?ﬁ) g%thgf&?ﬁggﬁu%ﬁﬁg! Le&hwardl y
by the Aulahaani8 Fidheaabaugr o tbguiisaasodras dRpbsésin therelectppdy openi ng,
as represented by the annular supply opening 100. The_ el ec,trolé/te Passage
has a s@maewoéﬂmugmgdb@ﬁuh'gg B2y Eﬁné%'é%'ﬂ%ﬂhwb%ér hegiidgmenkaaust

openi ngy, g'535?92%@’3qg?@eﬂ%ﬁ?&%@%ﬁakmﬁféﬂ‘\\’a PTRARCCALAI rathibh. A
source of el'ectrolyte,” as represented by the supp conduit 44. The supply
condui t pinfBtseedd$ faxsllgrfroredhesealandijssdispasadoh théeleatnode ahaselpasld. openi ng

di 1 usi D PUGFeRPE0e BRI Sty Baeaag bF eriedd baSur)Re el etit " The
di ffusi gRd fcibpssd Vel 81 ol id Bontaedb@ckrIthe haiRE ang thé@lddt@depasses
through the swrler and increases the static
The seat contacts the tubing at a predetermined location to ensure that the correct
length of tubing has entered the chamber. A proximity sensor 98 confirms thal the
tubing is in its correct location.
8.11 As discussed above with Fig. 3, the annular passage 88 for electrolyte is
bounded outwardly by the housing electrode 76 and inwardly by the pin 96; and after
insertion of the tubing, inwardly by the tubing 18. The electrolyte passage has a first
or supply opening, as.represented by the annular supply opening 100. The
electrolyte passage has a second or exhaust opening, as represented by the annular
exhaust opening 102. The supply opening extends in flow communication with a
source of electrolyte, as represented by the supply conduit 44. The supply conduit
has a diffusion region 103 upstream of the annular supply opening 100. A swirler, as
represented by the swirler 104, is disposed between the diffusion region and the
supply opening of the electrolyte passage. The diffusion region slows the flow to
reduce turbulence as the flow passes through the swirler and increases the static

pressure of the flow prior to entering the swirler. Disposing the swirler between the



‘pressure of the flow prior to entering the swirler. Disposing the swirler

between the 8 14 JAN 2005 diffusion region and the supply opening fu{)égﬁ{l 2005
spaces the sudden expansion of the diffusion region fromthe electr

chanber to ensure that unacceptable turbulence is not introduced into the
flow. 8.12 The swirler 104 is attached to the seat 92 of the guide nenber
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t hence t e ad t he. t ubi ng. e velocity
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the passage of the electrical current through the electrolyte.
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el ect r odeelobigiecthecsletirSlpRsgsl thedeletaa® floivBen a&j@@rélﬂﬂ@xshpd@étﬁibnan ext ent
that it is spaced axially fromthe el ectrode. 8.13 The return conduit 46

i ncl udestioeghn mﬁwwwr@ﬁgrﬂa@acqugoughéh%@lacér@M@ﬁaS@aﬁﬁradjacagt Hie wiving. ar
hanb
orronas DRYNERIED s b Hdugfilo Huold Calithith dIptiBidPeGua iyl dindP.

el ectr oddus&ﬁntnrih’ees:m électrohyte cdsmmnatubeomhimmighemmwa@semahe padsagem

‘the elec roI assa%?fé rou h the exhaust o ng 102. 8.14 The cap 72
SBrR

has ret uPhih %%t" ieur éEe&“iﬁHfdlétea Ipd %&g@bwenmwmm
el ectrol wvmem a.@sogég beﬁ@eﬁitt}(é‘%e&ﬂ@ﬂ@%nh%d Eﬁ}?g‘orf*fﬁ‘ece” and drops

of electrolyte fal rom-t I ng he ca |ncIu es a plate 112 which is
spaced agleatrbghemicaicehe irhan sitamade embatiement foeaxampleatheswirfdranightibsage

PR 18 A G St RN AT
openi ng gikcRba® t6 8NER Al didentthat ¥ SRAPANANY frof Pk JBMPIRNt as the
tubing is noved axially into the el ectrochem cal cell. Thus, the opening
al i gns t8d3 The return conduit 46 includes a collection chamber 108. The collection
chamber is an annular chamber bounded by the wall 70 of the outer housing 66. The
wall 70 extends circumferentially about and is radially spaced from the housing
electrode 76. The collection chamber receives electrolyte exhausted from the
electrolyte passage through the exhaust opening 102.
8.14 The cap 72 has return holes 110. These holes provide a passage for
returning efectrolyte to the cell 32 as the tubing is removed from the cell and drops of
electrolyte fall from the tubing. The cap includes a plate 112 which is spaced axially
from the housing electrode 76 leaving an overflow passage 114 therebetween. The
overflow passage places the annular electrolyte passage 88 in flow communication
with the collection chamber 108.
8.15 The opening 74 also constrains the tubing against radial movement as the
tubing is moved axially into the electrochemical cell. Thus, the opening aligns the
tubing with the pin 86 and also blocks the tubing from contacting the housing
electrode 76. In alternate embodiments, the opening might have a conical shape so
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tubing wwth the pin 96 and al so bl ocks the tubing fromcontacting the

housing electrode 76. In alternate enbodi nents, the opening m ght have a
coni cal shape so 9 1 4 JAN 2005 that the opening tapers in the axial 'ngFr%
direction to accommodate a degree of msalignnent between the openinb‘ AN 2005
the tube. In the present enbodinent, either the opening 74 or the guide

menber 9 rovides. neans f.or, quiding the tubing, as the tubing is disposed
' ol ect MG PRETINGdRPSrsrR 1be A iead YiREN R ASEPI00EAIA 2 Beigreg@ini ng 74
in the c t ; ' f l.ng: as
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is already constrained by ui de menber. In an rnate e menty the
gui de nehdEs ihenters the eleciwoenarsidabgelhto/blogk ontaot betveeari treufubing antl thei al

| engt h he [ I s centered. in the.electrode chanber and engages a
stog méﬂﬁ‘%”c‘i?ﬁ‘r@@‘gr?@ger%‘“dﬁ%%‘éﬁ%a SQBBF%{E%'“M of the guide menber. 8.17
During oggeat Aginémtidrierl sbARhe ehiBdident Shéwa th,eqiiﬁ%riela% itienp Hé ed to

2
the bottom of the cell through the supply con'dwt_ 4. The el ectrol
fl ows upSegtihatthe epering 7 esntetsd@ectubifige! 8 80 the ghide semtrar 0.r cunf erent i al

. ) ; '. . _ oLl °b
toes bl SRR, L TRB R o kEuBa b boSRR M FPkpptl SbHEdRBIng | on
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'8.18 Fl ovvi_g the electrolyte fluid vertically to the overfl ow_passagg
enabl es QUi 3@%@9&5@9@&#9 shminates Py Ihaying agogeningmitndlicertariadesate of
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the electrode chamber 80 with a slight circumferential velocity. This circumferential
velocity does not create turbulence but does block the formation of regions of varying
electrolyte concentration which might be induced by the flow of current through the
glectrolyte.
8.18 Flowing the electrolyte fluid vertically to the overflow passage enables a
reasonably uniform removal of fluid from the circumference of the electrolyte
passage. Flowing electrolyte fluid vertically and in a downward direction and
removing the fluid through a single drain hole might introduce variations in
concentration of the electrolyte which might adversely affect piating activity. In
addition, the guide member is centrally disposed in the electrode chamber inside the
article to be coated. As a result, the guide member does not interfere with the
passage of current from the cathode to the anode by introducing a nonconductive
material into the electrical field.
8.19 An advantage of the electrochemical cell is that small solution volumes are
usable for processing a single tubing. This decreases environmental impact as
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material into the electrical field. 8.19 An advantage of the

el ectrochem cal cell is that small solution volunes are usable for4&Aq205
processing a single tubing. This decreases environnental inpact as 1 j
JAN 2005 conpared to large plating tanks, producing smaller anounts of
waste conpared to large batch processing. The small size enables the cells
to be located | W th accepta Ie | ead-tipe and just in tinme
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base 1343130 BEIMEY PSHAR 102 e eyndeidiuib el ancutu i AT ara
ext ends fifgeottidmboe1 2as Thanthselthaphiier id Beunded &g drealany tingsakacahbgy of

(i npi ngenent hol es 140. The i npingement hol es place the Passage 138 of the
pin in fAREANESAIAWEE ERGiIBN ORDOHOMES. nﬂ'é#?lS@'ppbﬁCQﬂ%“tr@%E@ udgsaBepplyl n t he

oper al 5o Sandl 4ty s PLABME disbdleaARTRY cabals L Dendl' PmIFIKAREn 132

and is fromTthe ra n-passa

t her ebet\mﬂalaathe fﬁmnstﬁallﬁmgsuppljrlmgoms%iflmbautthé eellgui de rrerrber such t hat
| mpi nge t f ow trlkes t he |n i de or inner wall 20 of the tubing. The
At

i npi nge \SROSRS 1B tt‘ﬂé‘”ﬁ@ﬂ“@ﬁ?@é%a@%éxﬁﬁﬁ@e chanber
Lo i mpardy;ay, |ﬁ>%hé|cha§r?t§%0“ﬁﬂ§? SpeRirREhE shdvth e duidmetifePiliBhas ATRANEN!

of velocity ‘decrease ect that s ash e [ rrpl ngerrent

st r eam heestical ditestioholhe Jhilevmetibealhas a base 134 and a pln 136 An axially
extending passage 138 for rinse fluid extends through the base and the pin. The
guide member has a plurality of impingement holes 140. The impingement holes
place the passage 138 of the pin in flow communication with the interior of the rinse
chamber. In the operative condition, the tubing 18 is disposed about the guide
member 132 and is spaced from the pin leaving an annular drain passage 142
therebetween. The tubing is disposed about the guide member such that
impingement flow strikes the inside or inner wall 20 of the tubing. The impingement
holes may be angled toward the bottom 128 of the rinse chamber to impart an axial
component of velocity to the flow. The axial component of velocity decreases the
effect that splash back from the impingement stream has on the flow. The vertical
orientation of the drain passage causes gravity to urge the rinse fluid to flow
downwardly along the inside of the tubing.
8.22 The base 134 of the guide member has a plurality of slots 144. The slots are
spaced axially from the bottom of the rinse chamber. The slots are spaced
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orientation of the drain passage causes gravity to urge the rinse fluid to
flow downwardly along the inside of the tubing. 8.22 The base 134 of the
gui de nmenber has a plurality of slots 144. The slots are spaced axi@alAly 2003
fromthe bottomof the rinse chanber. The slots are spaced 11 14 JAN 2005
circunferentially about the base |eaving a seating surface 146

t herebetyeen.. The. .seating surface diverges axially to dianeter which is
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communication through axial passages 156 and 144 with the supply passage 130 in
the cell. The means 54 for supplying rinse fluid includes the supply conduit 62 and
the return conduit 64 which are each in flow communication with the rinse fluid
reservoir 56. As shown, the return conduit is spaced from the bottom of the rinse
chamber. Alternatively, the return conduit may be in flow communication with the
bottommost portion of the rinse chamber to completely drain rinse fluid from the rinse
chamber.
8.24 An advantage of the rinsing cell is the controlled dispensing of rinse fluid,
such as water, under pressure which produces a small amount of waste and the
lower costs associated with waste disposal. In addition, automating the rinsing
process minimizes operator fatigue and eliminates continuous movements by the
operator of a rinsing device which might lead to repetitive motion injuries were one
person to rinse a large volume of tubes moving through the assembly line on a daily

basis.
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process mnimzes operator fatigue and elim nates continuous novenents by
the operator of a rinsing device which mght lead to repetitive notion
injuries were one person to rinse a |arge volume of tubes noving thridutftN 2009
the assenbly Iine on a daily basis. 12 1 4 JAN 2005 8. 25 During operation
of the apparatus 10, the apparatus may be used by hand by elimnating the

tubing carrier 14 or may use the tubing carrier with hand operation
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| ndustries, Cevel and Oai 0 as %ié{f ﬁo,S | ectron Sol ution Code SCM 4100
B g oyt ?rﬁ%@

el ectrol Vleetug%li%f)f%?.”iﬁ ISENSR AYBISENRPEh water in the rinsing
|1 48, gt ' ' | j leagGt ' 6 f
ce 828 buhhggggtﬁaotgﬂfmgﬁi%m Sftemcfl dneliraidisanitenabateli 226 for

et chi ng. e satl € 1s Sitfco Selectron Solution Code SCM
4250, AptavideserledloochersichUtleaningttpdhe itubiad bytfldwing cient towagd tha0kbipgr cent
by viel ghtthat is, the housing electrode is the anode and the tubing is the cathode. in one
example involving the use of steel tubing and nickel plate on the tubing, the
electroplating fluid was a sodium hydroxide base of about one (1) to five (5) percent
sodium hydroxide by weight with the remainder as water. One satisfactory
electrolyte is available from Sifco Industries, Cleveland, Ohio as Sifco Selectron
Solution Code SCM 4100 electrolyte solution. Following a rinse cycle with water in
the rinsing cell 48, the tubing is disposed in the second electrochemical cell 26 for
etching. Cne satisfactory electrolyte is Sifco Selectron Solution Code SCM 4250,
Activator No. 4 solution which is about five (5) to ten (10) percent by weight
hydrochloric acid (HCI) with the balance water. Etching is provided by flowing
current away from the tubing, that is, the housing electrode 76 of cell 26 becomes
the cathode and the tubing becomes the anode. Following a second rinse cycle in
rinsing cell 50, the tubing is disposed in the third electrochemicai cell 28 for
activating the surface of the tubing for plating. Activating is provided by flowing
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hydrochloric acid (HCI) with the bal ance water. Etching is provided by
flowing current away fromthe tubing, that is, the housing el ectiqd8 Il of
cell 26 becones the cathode and the tubing becones the anode. Follow ng a
second rinse cycle in rinsing cell 50, the tubing is disposed in the third
el ectrochem cal cell 28 for activating the surface of the tubing for
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or a rinsing cell.

8.28 In the embodiment shown, the tubings 18 are indexed to the dedicated cells
24, 48, 26, 50, 28, 32, 52 such that each tubing is aligned with the dedicated cell
which is associated with the next process to be performed on the tubing. After the
process is performed on the tubing, the array of tubings is reindexed such that each
tubing moves to the next cell. A new tubing is added to the array and the finished
tubing at the last cell is removed. As mentioned earlier, the electrolyte is flowed at a
relatively steady rate in electrochemical cells and through the electrolyte passage 88
and from the cell. In rinsing cells, a predetermined amount of rinse fluid is supplied
to the cell for each tubing that is processed. in one application, the amount of rinse
fluid for each tubing was less than one ounce of fluid. The fluid is flowed from either
type of cell during the process. In the rinsing cell, a small amount of rinse fluid may
remain below the tubing in the bottom of the cell.
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and fromthe cell. In rinsing cells, a predetern ned amount of r\pquﬁmmld
is supplied to the cell for each tublng that is processed. In on
application, the amount of rinse fluid for each tubing was | ess than one
ounce of fluid. The fluid is flowed fromeither type of cell during the
process. In the rinsing cell, a small anount of rlnse fluid may remain

bel th b t f 4 JAN 2005 8.29 A dat
p(raog\évsm %gé%eiﬁng%fa%égggﬁﬁé d%?'c% E‘%ér:%d'l%gras q‘rﬁ?mﬁé‘t%s BN HS?‘H@’ 'thathﬁgyaof
cel |'s 24 arrh§.of 28lls 2@, 48825330, &2 SQQN‘@eth i hgﬁﬁl cERMHIEEHA Rlinthe h the

cells throug electrical condujts 164. 'This des a data processing
capabi | i €§lig rougk efpcitical gosduite AH40 Tmmermm@s pdateepgicegsimgviapability tde

f h h t ubi d
bach deariopBURGsTHiethion T ddedroRisSha e Ba) bR PaIIBL B A IR o
tinme at esclueioh.of tinte dRitice@hCGabmgSsRAR dt Walch Hedicaté® GBI WHdh hééessanl;h

dedicated cell until the tubing requiring the |ongest processing t
conpl et eaetecrgmm%t*@sl@ngwedtuaﬂ@n of Howsal eaphoeali. cEha dewse@fahseheaphdammg at

h h | Th h
mmy bo SIS AiGBHREA Y FRER R i e ohes RlBRRsSIG R 50
Al t houghhaﬁeomprmﬁl|&rprba§s§>e$heﬂm©r@¢&sﬁ®6@émé@ﬂ1r%wﬁ th@%ﬂ@éésé 8t th§’| nary

detail ed enbodlnents thereof, it should be understood by those of or

skil | t hathey &elleas eachn1gesss reamreﬁﬂ@namcﬂvsm al hus Hbeasocess may beade
wi t hout QGW&thQﬂifH%&éé’@teﬁF}thétl éq%? gﬁ.f.?]tbhs clai med invention. 15

14 JAN Mb W claim ectroc em ca aV|ﬁg an operatlve
condi t i o8.30or Aﬁheugm MEweoabrh Wasme@mt shgvraand descfitted Witharbs pesqbi kR siled

ifirst electrode é z ttached to the el ectrochem cal  cel
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el ectrode whi ch extends about the e a’ sec el ec
whi ch |saﬂ%§0@pﬁﬁéﬂﬁédeﬂﬁgdunemmed and which is renovably disposed in the
el ectrode chanber at a location inwardly of said
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portion of the first electrode under said operative condition; 10 a first
conduit for supplying electrolyte to the el ectrode chanber under said
operative condition; a second conduit for renmoving electrolyte fromthe

el ectrode chanber under said operative conditions; wherein the 14 JAN 2005
el ectrochem cal cell has an opening for renovably receiving the article 15
whi ch forns the second el ectrode and through which the el ectrode extends
under said normal operative condition; and wherein the first el ectrode
extendsvibopt the second el ectrode | eaving a gap therebetween which is
adapt ed %CSFBvide an el ectrol yte passage under said operative condition

the el eqt g ¥EBtrESSSARSI Baly hBUng anfdgeshthepesndigon fyrmeektiychiehdicaigp whi ch
ext ends about the second el ectrode and which 20 places the electrolyte

passagetreatifd awacticleuwhicatgaonprigash the first conduit for supplying

el ectrolyte to the electrolyte ssa der. i e i g and a
second openi ng fo?r{’éﬁf %?Ct{r‘ﬁ%‘a 8&%%|'@§9€@y§5t§§§88§§m% ?f)?cyrg%%&?]ﬂeeaﬁﬁgpst
openi ng, the,ng¢aRRK naR SR dl8ctesd LRkl MBeBP HcdifiAg BRcaIBetrel RCam@ s whi ch

pl aces the electrolyte passage in flow conmunication with the second

condfii t for rememing@ sscecdralegiredd, thmfirss elastrodedaving §pertpusebi§e under said

operative conditiagn. ,2. The el ectr em f_claiml wherein the

el ectrol yte ?%#P@ﬁéﬁ“?*ﬁ eé?efqdﬁs%:oougﬁ}%e%ﬁ%%d$g\h/érrnge{’he el ectrol yte passage
through the suppl ¥ zeafdidiedtiodd®hich éstHeohrtite bging 3@eead ahe weiich tshe

el ectrochem cal cell has a swirler which is in flow communication with the

first openintemoeyabligisnased a thacleckpde shpmbenet arogatiosdnwgrdly ofgaid 4 jaN
2005 5 the e troly ' réatd iLiam:.as the electrolyte is
flowed in thésﬁllorns(%f th%if?%gﬁqé%t?n&d%”iﬁeﬁeq §Ber AR conBlioR? [ ' of ol ai m 2
wher@i n the swirl arfirstacoraiuit feastipglying eiddtolytedottieel eléctiode ebpenietunddre
first direction of the electrolyte flow under said operative condition. 4.
The el ect r ochRiFi QREratt FOBFURMai m | wherein the el ectrochenical cel l

‘includes neans fgrsdcBRBIdonRdit§N lehndving 8cBbEE frahyine dib@vodndramsar d
operative condition. 5. The electrochemcal céll of claim1l wherein the gap

is an annul atmgafpsaid.op;@ma@eemrr(&mm cal cell having an operative condition

for el e\(fvthre(r)ém?ﬁ% (é%lcltl%chemical cell has an opening for removably receiving the article

15  which forms the second electrode and through which the electrode extends under
said normal operative condition; and wherein the first electrode extends about the
second electrode leaving a gap therebetween which is adapted to provide an
electrolyte passage under said operative condition, the electrolyte passage having a
first opening formed by the gap which extends about the second electrode and which

20 places the electrolyte passage in flow communication with the first conduit for
supplying electrolyte to the electrolyte passage under said operative condition and a
second opening formed by the gap which is spaced axially from the first opening, the
second opening extending about the second electrode which places the electrolyte
passage in flow communication with the second conduit for removing electrolyte from

25 the electrolyte passage under said operative condition.

2. The electrochemical cell of claim 1 wherein the electrolyte is flowed in a first
direction toward the electrolyte passage through the supply conduit to the electrolyte
passage, wherein the electrochemical cell has a swirler which is in flow

communication with the first opening for imparting a lateral component of veiocity to
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treating an article, which conprises: a first conduit for supplying

el ectrol yte under said operative condition; a second conduit for rennving
el ectrol yte under said operative condition; 5 a first el ectrode whidAN 200
extends circunferentially about an axis Ato forman el ectrode chanber; a
second el ectrode which extends about the axis A which is the article and

whi ch i ' id}ali : : dinttRE first
ol eotr odne SERBRAY ALEPIRbAIalilE caHAST 8Te PRERSHIe WIRMRdINIRE st | g
whi ch f gfifreetibe second el ectrode; and, wherein the first el ectrode extends

about the second electrode |eaving a_gap G therehetween ich i dapt ed
to formdan ardmél giectreshamicol 9@'@305‘%%6@,"‘%@'@ e s %fﬁfﬂ%atgg%%‘é&éﬁ}?i% ng a

A g N A e R R N o S ST L

and whi ¢ghnBltiages the el ectrol yte passage in flow conmmunication 15 with the
first conduit for supplying electrolyte to the electrolyte passaqe under

said oper at iWe dJerdeehanicghaehobdaighd vépsaindgercdpsiashsic e ridnch i s

haCsoc dikAts Boc b ARG titbhe BREMAe AbATIRES 9B GREBLITCSHARH o about
comuni @at i orThal élBctrdsheraandelt onclaint 1 vitasreinethie\gang's aneartnutdngdap.f r om t he

el ectrogte passage under said operative conditiqn. é(% ? TF(I:E icall

el ectrofheni &l elggtrpchpmigabical bayineras (Pasei(R BN E" §'CH ﬁHE‘"eeH Yin the
ol oct 1 oq A A BRE WILEEOROBEE | ¥ e gui do-member and cont acts the
gui de - nenbera firs7cdrdulididr 2005H!yihg Gleetrelytecamdertsaid operative lcooditichai m 6

wherein a swirler is disposed adj.acent th el.ectr.ade chanber and in the
first condui @ RN RRAEAGT S8R Hestieie shOEbitB = o S Rty to the
el ecsrol yte wglef eRirEdeR@ih exreQnithinttenfallylivor #chionetomalancel | of
claim8 wherein a guide nmenber is disposed in the electrode chanber and

ext ends edggtegdeychambere chanber, wherein the second el ectrode is removably

di sposed aboul od i WL APodR IR NGO BDAG e AR AUMARNTE BREbi¥andher &l n

the gui de ne € Swr
which is removably disposed in the electrode chamber;,

wherein the electrochemical cell has an opening for removably receiving the article
10 which forms the second electrode; and, wherein the first electrode extends about the
second electrode leaving a gap G therebetween which is adapted to form an annular
electrolyte passage, the electrolyte passage having a first opening formed by the gap
which is annular, which is circumferentially continuous and which extends about the
second electrode and which places the electrolyte passage in flow communication
15 with the first conduit for supplying electrolyte to the electrolyte passage under said
operative condition and a second opening formed by the gap which is spaced axially
from the first opening, the second opening extending zbout the second electrode
which places the electrolyte passage in flow communication with the secand conduit
for removing electrolyte from the electrolyte passage under said operative condition.
20
7. The electrochemical cell of claim € wherein a guide member is disposed in the
electrode chamber and extends axially in the chamber and wherein the second
electrode is removably disposed about the guide member and contacts the guide

member.
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10. The el ectrochem cal cell of claim6 wherein the electrol yte passage

extends in a vertical direction, wherein the el ectrochemcal cell has a
wal | which extends circunferentially about the first el ectrodelannizgps

spaced radially fromthe first electrode |eaving an annular coll ection

chanmber therebetween and wherein the 5 second opening is in flow
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collection chanber. 11. The el ectrocheni cal of claim2 wherein the
suppl y obwvelatity iormlelﬂiestrwlytedurida:saamomer@mwcunp@xtmeam of the swirler. 12.

Th | ect I cal f claim®6 th I d
011 ust 8n 1 oBRBIRRAT BEPRHCAR Sl B erals s SRS BT P bRt BaTE of
I 6 I
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(D<0.5 inches). 15, A method of chemcally treating an article by
passi ngWQﬁ"‘E‘é“ é’&? BHidg meem‘%’é%?u?‘ﬁ?%ﬁ’ﬁgﬁr?“@r “ctrol yte, conprising:

di sposi hg a ThEHieQIRHHAES dyﬂ\ﬁfra:galm %'e?elr‘?\tﬁé)glétctrbﬂﬁe aak5ae eRenbeliat i ve

nmovenent al ong the axis between the first electrode and the article to form
at | east varticd| plcrecmcnm vdIeram blect ectonthecicattuel] asra wal evich@xtgndsi ectrol yte

and i nto, V\:hl art| nds .t hrough an e fro exterior of
fha tir SrdiElentiy Hraud e R IR MO Rl RS A e St o T

arti cl egletrghi8 tddikglan GRIATIKH GABLRSH &Ihérhbéhm&eﬂe&we@h%@ﬂ@@mﬂm that the
article forns the second el ectrode; 18 14 JAN 1005 10 passing el ectri cal

cur rent Seranskepeting ieirelaw sasunyrcaliascrits draneupr goligatieatchamiaensuske of

the artg%t%lefc@rg e@?ﬁﬁ?&#@’é’r qriSbgga&m(rg%%ﬂ%@ﬁ'dv%rff&ﬁﬁ-gﬁg é?cf&rIdC' e of

claim 157 nclu iona Into the
el ectr odaermihgrﬂmweenmeiﬁﬁmlemmgle zﬁidettmbrsmlcyhe eieahrmdemwchlmtm@delleﬂmntber
during (t:rﬁ\aemgére‘p of passing an el ectrical
11.  The electrochemical cell of claim 2 wherein the supply conduit includes a
diffusion region upstream of the swirler.
12.  The electrochemical cell of claim 6 wherein the supply conduit includes a
diffusion region upstream of the swirler.
13. The electrochemical cell of claim 6 wherein the article has a hydraulic
diameter D and wherein the gap G is less than the hydraulic diameter D.
14.  The electrochemical cell of claim 13 wherein the hydraulic diameter D is less
than one-half of an inch (D<0.5 inches).
15. A method of electrochemically treating an article by passing an electrical
current through an electrolyte, comprising:
disposing a first electrode having an axis A about the article by relative
movement along the axis between the first electrode and the article to form at least a
5  portion of an electrode chamber for receiving an electrolyte and into which the article
extends through an opening from the exterior of the first electrode;
disposing electrolyte in the chamber;
placing the article in electrical communication with the first electrode such that

the erticle forms the second electrode;
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current through the electrolyte. 17. The method of el ectrochemnically
treating an article of claim15 wherein the electrode chanber has t]ﬂ)

and a top and wherein the step of flowing additional electrolyte |n @R@ﬁq
el ectrode chanber includes flowi ng electrolyte into the bottom of the

el ectrode chanber and overflowi ng electrolyte fromthe top of the el ectrode

i—ﬁ agir:) Zirh th%ss]l_rgqeg[g?{n(gagco{g% We%ﬁgﬁérbféa éMe%ﬁ@é@cﬂ@cﬁ@wﬁﬂl&%‘f@cpé claim

I Spose an axl s the step of
di sp03|§ﬂlgfatclgeofqﬁéla§ﬂ|@el n the chanber | ncI udes disposing the article about
the axis A leaving an annul ar passage for electrolyte therebetwe and
wher ei m8.he 'Iéhleamemlfaod bbmengoefn@mtqediv&eétlﬁg eRrEalgR of Kl bricaie Sctﬁ‘énb

LSS AR M B s o et e
| nduced,¥athiofd 8% the dd@rdNaRihbat 8§ @ihgthelstep ef s@ésr@g viheeledtfican
current through the electrolyte.
17. The method of electrochemically treating an article of claim 15 wherein the
electrode chamber has a bottom and a top and wherein the step of flowing additional
electrolyte into the electrode chamber includes flowing electrolyte into the bottom of
the electrode chamber and overflowing electrolyte from the top of the electrode
5 chamber.
18.  The method of electrochemically treating an article of claim 15 wherein the
electrode chamber is disposed about an axis A, the step of disposing the article in
the chamber includes disposing the article about the axis A leaving an annuiar
passage for electrolyte therebetween; and wherein the step of flowing electrolyte
5 through the electrode chamber includes flowing electrolyte upwardly with a
circumferentially directed component of velocity about the article to block the

formation of current induced variations in the concentration of the electrolyte.
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