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STRUCTURES AND METHOD FOR SUBSTI TUTI NG THE SAME DESCRI PTI ON OF THE

| NVENTI OWahz3qssesent invention is directed to el ectrol yt PCT/ERV/R5MI t h
renewabl e el ectrode structures and tb a nethod for substituting the sane.
The use of planar electrodes forned by a substrate, in nost of the cases
foram nous, coated with one or nore electrocatalytic naterials is well
known for ECESQTRROLNTFHC GELBSpWITHt RENEWABLE ELECT RODESTRUCTURES! |
mainly refer to electrode structures of this type, both anodic and

cat hodi c, AN METHODOFORESUBSTITUTING THESAME as they represent a
particularly significant.case in the present scenario of industrial

el ectrochem stry; however, it will be evident to the expert of the field
that the sane invention may be applied to other types of electrolysers and

el ectrochem J {pped with simlar structural

el enent s. Qﬁ%‘%@ bﬁ)b&%@ﬁ%ﬁ&%%ﬁ@\l rolytic cell using pI anar el ectrodes
with an electrocatalytic coating is illustrated in U S.

4,767, 519. ThRePreperk inyaations{s dkecied tacleslreuic £Rks Bith r@@ﬁﬁﬁ f%@le&trode
conductl ve core provided on both faces wth a projecting support

st ruct ur e, spuctuezs aad tmainmsthod dor adistituting thesasnef  col d- pressed sheets
adapted thereto and provided with peripheral sealing flanges; said sheets,

in the areapecgsd eFpsiadangldarodee forwiedchby ensubbtratal dn moppof tthetcasetsur e,
whose surfaces |ie substantially on the sane plane, are bonded to

el ectrodi ccaBshes PravtdediMidn (ﬂ’r}nSPéaéFeERBéét%lleb'rﬁat%ﬂéFs' iBQvelil®own for

proj ecting support 'structure may be obtai ned pressing the sheets forming

the core Oféctroc 8|rT1C|iéarI] ﬁlcatlgr"?é.eT%@Yo‘?l%%r?&%es%%ﬁgﬁ rr\ﬁnt 'mem{lyf lré‘l*epgto

electrode structures of this type, both anodic and cathodic, used in membrane
electrolytic cells, as they represent a particularly significant case in the present
scenario of industrial electrochemistry; however, it will be evident to the expert
of the field that the same invention may be app|iéd to other types of
electrolysers and electrochemical cells in general, equipped with similar
structural elements.

An example of membrane electrolytic cell using planar electrodes with an
electrocatalytic coating is illustrated in U.S. patent No. 4,767,519. The electrode
structure described therein comprises a conductive core provided on both faces
with a projecting support structure, protected against corrosion by means of
cold-pressed sheets adapted thereto and provided with peripheral sealing
flanges; said sheets, in the areas corresponding to the projections of said
support structure, whose surfaces lie substantially on the same plane, are
bonded to electrodic meshes provided with an electrocata;lytic coating. The
projecting support structure may be obtained by pressing the sheets forming the

core or, according to a more conventional embodiment, by fixing



WO 02/ 36857 PCT/ EPO1/ 12537 2 el ectroconductive spacers bonded to the core
itself, for exanple by welding. It is further known that the sane type of
const ructwon2/smy’ be provided on only one side of the net BCT/EBIE12837 h

proj ections supporting one single el etrode having an electrocatal ytic
coating. This is for exanple the case of electrolysers provided, on the
opposite side, with gas diffusion electrodes, as in the depolarised

el ect r ol yseectbcbydudiiviel spaicersaponied forthe xcanp itself doneximplethy waldingbisedur e
described in British patent application no. GB 2,010,908. A particularly

advant ageofiftir@NGloncihz®thé Bakketypasst @hsBLEGI ARiyela pedvidseassRp onef this
type is described in German patent application no. DE 198 50 071: in this
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according to the different wuses to which the correspondi ng el ectrochem cal
cel s are depeleriedd ¢lactiplysisast hydrenkdarir acicef @rrexgmple aceeiding & | thet hat
is a single, either anodic or cathodic electrolytic conmpartnent, the
common el eppsderiuns e dasdrink Vil Britishspptemtt applicatiohume, @ide2,0f 01908 eft i ng
el ements, so that at |east part of the termnal portion of each projection

lies on thgaﬁﬂdﬂ?ar% NtAGEb RS SBELHGH th tHef cas®l saNe@mINenatalerecésqges,
fixed to saird terrminal surfaces |lying on the sanme plane, for exanple by
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meshes, percfa(s)é?rt\g Crlibghaerc(gtnsuhdéa )é Sﬂgﬁ%tesd" S eetescs %rrra%ggaer? R esrI ttoifgpm channels
for the alternate upward and downward circulation of the fluids. The structure
described in DE 198 50 071 as a half-cell may obviously also be applied in the
opposite side to form a complete double side structure, which may be used in
electrolytic processes not comprising gas electrodes. Of course many
alternatives of the above embodiments are possible, according to the different
uses to which the corresponding electrochemical cells are directed; in all cases
however, referring to a half-cell, that is a single, either anodic or cathodic
electrolytic compartment, the common elements are a back-wall, a support
structure, made of projecting elements, so that at least part of the terminal
portion of each projection lies on the same plane, and an electrode, or
arrangement of electrodes, fixed to said terminal surfaces lying on the same
plane, for example by welding. The electrodes are usually provided with
apertures or openings, usually consisting of holes; for example the electrodes

may consist of meshes, perforated sheets, expanded sheets or a superposition

or combination of two or more of said elements; alternatively however, the



or conbi nation of two or nore of said elenents; alternatively however, the
WO 02/ 36857 PCT/ EPO1/ 12537 3 el ectrodes nay be made of whol e sheets, or
paral | el ve0op2/pe857 f or exanpl e arranged on a plane or incl PEREPWRE3T espect
to the common pl ane, non- overl appingor partially overlapping, as is the
case of the so-called "louver” or "venetian blind" configuration. The
present invention is particularly useful in the case where said el ectrodes
are at | easlectrades anby pbe omiadedofvivthiola sheeds.y or cparabelt stiips, ffor exeanpee an
el ectrocatal ytic coating, as will be illustrated in the follow ng

descri pti ogirahg¥&@ V&t ,a iglame@yorbichimed iveith trespest tasiee Wdtenohhplagel snamn
occasi onal or periodical need for substituting at |east part of said

el ect rodesové,ﬁ{; g?i&ﬁrtéagrgto\;fésﬂaﬁbgir@)%scisﬁﬁg QRi0bCthe! SScBIQPIBIVET or

substituting el ectro ther critical. For exanple, in the case

of el ectroges nade .of, i - AN i W th
an el ect rocvgtnglt@?%&'Rgog?'ﬁﬁﬁgﬂgg%'\éﬁ}eogfei%ﬁéﬁrﬁ)aeﬁn%g 'i égﬁ@ffé rﬁlolpsr'c?ggfc@ﬁ\ﬂgti on
with tinme, due to consunption, detachpent fro t he substrate ssi,vation
of the SubSesaueasRkl PlecRicS @2 abipat PABAIHEDIOUIER: Mt abaanit
coating, or for other reasons. For exanple, in the case of sodiumchloride
el ect r ol ysteatingt for téranaplecan cdecirocetalyidel coatiag.ansdulll be dliusiieéee fanihg
constituted by non-noble and non-catal ytic conductive netals, coated wth

an el eCtrOfcilb&}iw%ijeséﬁi;itmmthomwei,riigmlaglﬁeeamdt@! ®. alfocasxampreethera is ke case
of the anode, the substrate may be nade of a valve netal, for exanple

titani um ' foRttal Rebd RhrCaIdsHiUIRE &t Mast pafl sfakiderbabYes.c film
for chlori r?gegse@g?u?ﬁ%trﬁ, gr exanpl e nobl egmet al srpand oxi des thereof. The
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non-catalytic substrate provided with an electrocatalytic coating, said coating
may be subject to deactivation with time, due to consumption, detachment from
the substrate, passivation of the substrate itself in the area contacting the
electrocatalytic coating, or for other reasons. For example, in the case of
sodium chloride electrolysis, both the electrodes, cathode and anode, are
preferably constituted by non-noble and non-catalytic conductive metals, coated
with an electrocatalytic film containing noble metals. For example, in the case of
the anode, the substrate may be made of a valve metal, for example titanium,
and the coating is typically made of an electrocatalytic film for chiorine
evolution, for example noble metals and oxides thereof. The lifetime of such
coatings is usually in the range of a few years, after which it is necessary to
replace the electrode or reactivate the substrate. Also in this last case, the
detachment of the electrode from the cell structure is necessary; the
reactivation procedure in fact foresees the steps of a radical cleaning of the

substrate, spraying of the catalyst precursor and high temperature thermal



reactivation procedure in fact foresees the steps of a radical cleaning of
the substrate, spraying of the catalyst precursor and high tenperature

t her mal WD 028686857 PCT/ EPO1/ 12537 4 treatnent, which caPODEP®IE263 ri ed
out in situ. In some cases, as it happens wth nickel cathodes coated with
ni ckel and rut henium oxi de, the reactivation nmay be carried out by neans
of a galvanic process; also in this case, as it is obvious, the detachnent
of the el etreatmlentf mdrich lranoel bestarried wue in sitocohp wostr gasesihas detaapdensnt
procedure may be carried out in different ways; for exanple, in the case

of el ectroggn mibkélheathess ebated With mierdl, addeuthahiugd o¥XRie, tRe trebbti@tfonf r om
the support structure whereto it was previously welded. This type of

sol ution i @;%B@%‘é?ﬁ%cg%ﬁf b !Meéﬁé’iﬁ%bg?ﬁlyﬁrzicisﬁrokéﬁ’s‘?lé{% il Bisdask, 96 it is

seriously grng t proj ections o upport structure upon renoving

a portion thereof or_  deformn hejr.profille. [ Fe. LG 1S 1Nnevitable
t hat part 8B\”PH§’ g\ee%?t?Sé&e% ng’iq‘ §le§tr§985ffo"ﬁﬁ%é\/b\%ﬁ§¥rﬁ8t%%tl%Pﬁg]pu i ns
adhered to_the projections when the electrode is torn off, resulting in a
| oss of pl dRardalgchiReehPesadee Rgde GRIFipd ey H}%'%‘Pé?ﬂ& w21S; foree*dmleglient
application of a substitute electrode structure, unless expensive and
scarcel y ptreccasmbf elpetrades irstheolorml afanthiig mash, thesletier may bétoro«ff from
structure are carried out. A much nore w despread techni que, especially in

the case othdgayporsistructune esheretooi siss previvusly wehipdt Mhisetypet sfostdution is
correspondence of the areas adjacent to each projection of the support

structure. hbwfeklei ScURYTy BAUISHBIRS a8fit iR Mak oF sepioBsh @sagiigptral | y

in the formof strips, Temain welded or otherwise fixed to the _
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substrate or of the welding material remains adhered to the projections when
the electrode is torn off, resulting in a loss of planarity which causes some
serious problems for the subsequent application of a substitute electrode
structure, unless expensive and scarcely practical operations for cleaning and
restoring the cell structure are carried out.
A much more widespread technique, especially in the case of heavy structures,
consists in cutting the electrode in correspondence of the areas adjacent to
each projection of the support structure. In this way, portions of the deactivated
electrode, typically in the form of strips, remain welded or otherwise fixed to the
projections. The replacement electrode structure is subsequently applied to said
residual portions of the electrode, rather than directly onto the ribs. In this way,
it is evident that at each subsequent reactivation the distance between the
active surface of the electrode and the back-wall is continuously increased by a

thickness corresponding to the thickness of the electrode. As a logical

consequence, at each subsequent reactivation it is necessary to provide for the



active surface of the electrode and the back-wall is continuously increased
by a thickness corresponding to the thickness of the electrode. As a

| ogi cal wonye@gsence, at each subsequent reactivation it PET/RRCRSIrY tO
provi de for the WD 02/ 36857 PCT/EP01/342537 5 substitution of the
respective peripheral sealing gasket: it is in fact evident that in order
to ensure the best performance, the cell design requires the external

pl ane of t hebslitettom ofiéha cedpective pevipherali skaliregl ghekad! itus irh fack yétsnt ttbat he

pl ane of the peripheral gaskets. The gasket replacenent involves several

di sadvant agesrddriioastiuré dhe best berfepsane, theeelraidigratequfifess the iektdrial N
fact necessary to have noulds of different thickness, each one bearing a

remar kabl e ,CoR! of Har IBEHEE %o bR &i%%l,d&in%mé\?&lwﬁq SRR B leemél bes a

greater crgep under conpr essi on; isis particularly mopportuﬁ , for

exanple, n the se_of ri-g. menfr. | yser. n [ nereased
croep caustl® | daioRcy s oRekdion Thel HRlsRPE doFRkb BT cdl e Se e
gaskets, and therefore a hjigher rjsk of r ure. A conpendi ym of the
various pr Q!?@G’U?B?%ﬁpl”i‘e%‘ggd&%rtei £8st ﬁg%?i@@teﬂéﬁ Rr Sesitbst iR LH]?Ptng
mesh el ectrodes in nmenbrane el ectrolysers provided with projections such
as ribs isnecesssaryatedhaye Usopidseral Ufgensdhskpesyc egeli wyet deasng a
enbodi ment described therein and shown in the relevant figure 1, the

deacti vat edermasdable cost. Fortiarmones avehigherd ddskmegsaof ¢ise dyamketst impliedher eon a
new activated nesh is welded. It is, in other words, a particular

enbodi nent efatbh@reciPaM8edesHbFdAbM thidris AfdricuMME thdppoReaa! forelxanadléect ed
by the |nCt9ease in the distance between the cell back-wall and the
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be effect e% %ggri\er}gsttrggs CoenI I’the membrane, interposed between said gaskets, and
therefore a higher risk of rupture.
A compendium of the various procedures applied according to the prior art for
substituting mesh electrodes in membrane electrolysers provided with
projections such as ribs is illustrated in US Patent US 5,454,925. According to
an embodiment described therein and shown in the relevant figure 1, the
deactivated mesh is cut in various ways, leaving a residual strip whereon a new
activated mesh is welded. It is, in other words, a particular embodiment of the
above described prior art, which is negatively affected by the increase in the
distance between the cell back-wall and the electrode plane for each
subsequent reactivation. It must be noted that, in the case of a membrane
electrolyser, various reactivation cycles are to be effected during the cell
lifetime, with the relevant variations in the distance between the back-wall and
the electrode plane and consequently in the thickness of the respective

peripheral gaskets. According to an alternative embodiment, the mesh is cut out

completely, together with a portion of the projection whereto it is fixed;



lifetime, with the relevant variations in the distance between the
back-wal | and the electrode plane and consequently in the thickness of the
respecti weo opgasspheral gaskets. According to an alternatiPeT/@pbiotssrtent, the
mesh is cut out conpletely, togetheré6with a portion of the projection
whereto it is fixed; W 02/36857 PCT/EP01/12537 6 subsequently, as shown
in a sequence in figures 2, 3 and 4 of the cited docunent, an angul ar

el enment i ssaipgEduedilywaiscehdwnnnde sfquencseeinafigerssl 2d 3 mata#t oft the oietlh a
mesh wel ded at a right angle, or a nesh or perforated sheet bent at-a

ri ght angl gecdient, el apguentelehent (sodsplicdl, suhsie dsiemidey ohel grdassdrabletihe
angul ar elenent. It is quite evident that this type of enbodi nent neither

sol ves thepigééwbét wah SRR aPh rtgnetaﬁ'gﬁet,@?%en#é%h ﬁa}stéaagﬂfééfva:'

and the e trode plane, nor the one cutting of the nmesh. It also

exhibits urt her rtcom : r J t
shown in th%ntI ?FSJ@@éqggg]dfgéIrgéj??erﬁ%ﬂﬁ%@g;rﬁb%ﬁ?%hp ﬁg&gé{stﬁ}r\&gldiegl ééayiﬁgnce on
the 90 angl e between the, surface whi.ch S e abutting.to.the prgjection
and the subtaeBgdlapRIeTEny Ht'%@@?e@('é%’&f&hq& ﬂﬁ'?hfé(péa%#ee ogimern. 5@' | ed
el enent obtained by welding a nesh onto a netal strip, the welding
procedur e wblvhstthe piebless af yha taseagt of thesdistarcgehetineenethe brak-wal @ndi n t he
case of a nesh or bent sheet, the resulting elenent is not sufficiently
rigid as teheridst@dehplane, perfteetdne of ttheguittrlg bérldé mgeshi.sit resmtexhitets.
Furthernore, an even nore inportant aspect is the conplexity of the

vel di ng tofﬁm&%&dbrﬁ%@gf tﬁ@,d@%}%rt BenrMubacorairestwhiat shsw ai gheal

portions o e projection, which nmust be substantially continuous al ong

L1 ool © GBI 1B B85 ld Acled IBARUS s U0F bRBoert 11 o2

Z{Tgﬁginfe |n ;t@é}gg q:j%g/h{iqihgynruest geoa{cbutttpn% t%it %dprgff)a%ﬂgﬁ Bhd t eesru?fa%Q%u%Bngn%r
the electrode; in the case of a pre-assembled element obtained by welding a
mesh onto a metal strip, the welding procedure with the necessary tolerances is
evidently very delicate. In the case of a mesh or bent sheet, the resulting
element is not sufficiently rigid as to ensure that a perfectly orthogonal bending
is maintained. Furthermore, an even more important aspect is the complexity of
the welding to be made in order to bond the angular element to the residual
portions of the projection, which must be substantially continuous along the
whole surface of the latter in order to ensure a sufficient electrical conductivity.
Even more disadvantageous and problematic appears the embodiment shown
in figure 5 of the cited document, where the angular element is assembled in
such a way that it does not use, as a guide, the pre-existing angle on the
projection, which is completely removed when the deactivated electrode is
detached. In this way the welding of the angular element to the projection is

even more difficult, as in addition to the above mentioned problems, the

problem of maintaining, with very strict tolerances, the parallelism between the



such a way that it does not use, as a guide, the pre-existing angle on the
projection, which is conpletely renoved when the deactivated el ectrode is
det ached w0 n2/8d855 way the wel ding of the angul ar el enent POT/ER&/PBI| ecti on
is even nore difficult, as in additidn to the above nenti oned probl ens,
the problemof maintaining, wwth very strict tolerances, the parallelism
bet ween the WD 02/ 36857 PCT/EP01/ 12537 7 main axes of the projections and
the mai n ax=én akes lod thaguobjectiens apdttbe mgin axes ofakenangitlar aleomnis .mdste
renoval of the constraint consisting in the residual portion of the

proj ect i onb@nakdreirgbericoade THeangnovd ovttheiconstrdipit coneikting in fied rédigual
paral l el i sm between the cell back-wall and the el ectrode plane nmay devi ate
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ment i oned int per pen ron wth respect to said axis,

when the orth nal,i t f,the t L _pl S u nt is
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deviation is the risk of cgnpression of the _nenbrane at one end, ,up to the
bosS T bl o pita GaEIOTS: R SIF BRILELPY O TIRRIIoHBNe aF P oM Eagoaed BRE ot her
end. As a last remark, it nust be noted that the procedures for _

subst i t ut i igthehperpendiularddredtiohukith sesnect o sgidcaxisawbes tbarrriwaepglityed
only when the projections of the support structure consist of nutually
separ at ed sparetwo nidinl glanes of titk @ayulan dlemgntvisnndtoproveddd. dediogmsasker ei n
the projections are made of continuous profiles, obtained for exanple by

di rect moujh i ' i il is €& Bk oS chRpressidty othdul at ed
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sheets as e 50 071. It is an object of the present
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membrane-electrode gap at the other end.
As a last remark, it must be noted that the procedures for substituting the
electrodes illustrated in US 5,454,925 can be applied only when the projections
of the support structure consist of mutually separated spacers, while no
indication is given for cell designs wherein the projections are made of
continuous profiles, obtained for example by direct moulding of the conductive
core, or of channels formed by undulated sheets as described in DE 198 50
071.
It is an object of the present invention to provide an electrochemical cell design
with renewable electrode structures overcoming the drawbacks of the prior art.
In particular, it is an object of the present invention to provide an electrolytic cell,
comprising at least one renewable electrode structure consisting of a back-wall
provided with an arrangement of projections, at least part of the terminal
surfaces thereof lying on a common plane, and by an electrode or arrangement
of electrodes put, either directly of by means of intermediate elements, in

contact with said terminal surfaces lying on the common plane, characterised in



In particular, it is an object of the present invention to provide an
electrolytic cell, conprising at |east one renewabl e el ectrode structure
consi sti mgo of/3@sback-wal | provided with an arrangenent oPCPE®B)I2537ons, at
| east part of the term nal surfaces 8hereof Iying on a comon pl ane, and
by an el ectrode or arrangenent of electrodes put, either directly of by
means of internediate elenents, in contact with said term nal surfaces

| yi ng on t that csaidrelegiredee or dideast paitsafdthienelaCirodes a8 55aidPErERRMar#sa7 8
that said electrode or at |east part of the el ectrodes of said arrangenent
of el ectreldesoaes dréTenbBleadtt FaPhEeHId bheWemore iMEe Withiegbsthhtially
substantially equival ent el ectrodes while naintaining the original

di stance fégwafé%t %?éefr—omkgvhneuﬂgwtﬂg@atthérorggg{ratstaﬁée frSmPRe YcRGhapf the

present invention to provide a net for s ituting the electrodes
inside an glectrol ytic |1, €0 i sh.ng, t o | e
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by a sinple cutting of the structure with the r val . of ~the exhausted
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surface. According to a further aspect, it is an object of the present

i nventi on tomptatei temavalnet el extausigss elacdtiiodag ameé tbeeapplisgben odf agw

el ectrolytic cell, conprising the total renoval of the exhausted

el ect r odes erirtrodee, ciraatdristt by afimptevcattimet ofdHe structuné efithnthg rbmoappbf ed t o
any design of cells provided with projections suitable for maintaining a
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bei ng made nmutual |y separated pieces, or by a suitably shaped
conti nuous profil cording to a further aspect, it is an object of the
pr esent in&gﬂﬁ%ﬁﬁ'{%@%r ovide a nethod for substituting the el ectrodes of

an el ect rolb\yctclof’:dir?g lté a%%tﬂgru ésp%r@(, ip %eadn g)t%rect of the present invention to provide a

method for substituting the electrodes of an electrolytic cell, comprising the total
removal of the exhausted electrodes and the installation of new electrodes,
which may be applied to any design of cells provided with projections suitable
for maintaining a fixed distance between the back-wall and the electrodes, said
projections being made of mutually separated pieces, or by a suitably shaped
continuous profile.

According to a further aspect, it is an object of the present invention to provide a
method for substituting the electrodes of an electrolytic cell without any need for
substituting any peripheral gasket, or by substituting the peripheral gaskets
without modifying their thickness.

According to a particular embodiment, it is an object of the present invention to
provide a method for substituting electrodes of an electrolytic cell without the
need for cuttings or other damages to the removed electrodes.

The invention consists in an electrolytic cell comprising at least one renewable

electrode structure consisting in a back-wall provided with at least one



substituting any peripheral gasket, or by substituting the peripheral
gaskets w thout nodifying their thickness. According to a particular

enbodi mewoQ 02/86865 an obj ect of the present invention to PpeDEP@Ue2537et hod
for substituting electrodes of an elettrolytic cell without the need for
cuttings or other damages to the renoved el ectrodes. The invention consists
in an electrolytic cell conprising at |east one renewable electrode

struct ure egaspemieny of prejebtwis delimitpd on thedsidiet dppatsite dasthedvackWiald 2436857
PCT/ EPO1/ 12537 9 arrangenent of projections delimted on the side opposite
to the baclerwihdl byrfatey nyingl osuhtasesel plang, cind gy sABEckicRbge GnNdny one
el ectrode or one arrangerrent of electrodes in contact with said term nal

surfaces | yifgoehPos afieoortabcyART ddkd MgmAndlLHIRLSL iy Bh Nt act
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sur f aces, ct erise part of eac sal d cont act aces is

freefrom nstr n tr. IS
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wel ding, only in the erlpheral regi ons of said te m nal urfa Under
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el ectrode or arrangenment of electrodes with a substitute el ectrode or

ar r angenenpr ofirrahgementiedf ialeciiodeseds ribiegh ite 6aid tewnipal suitpcas Péalhie one
conpartnment consisting of a back-wall provided with at |east one

arr angerrenfarojeétimmj feetéxamspldeby nivéldihgororthhen sihee pepplostiat eegiions hef baick- wal |
by termnal surfaces lying on the sane plane, said electrodes to be

repl aced b?éaﬂ?nélnsur%é%a“ with said termnal surfaces lying on the sane
pl ane t hus Ining a contact surface, wherein at |east part of each of

sai d cont agjgafselﬁ’xgergﬁﬁ%r gap%&eethe ih c%ﬂt?o%n%ﬁgibf%t 8f 2RSS GofrEALERGEH O be

repl aced a termna

electrode or arrangement of electrodes with a substitute electrode or
arrangement of electrodes in an electrolytic cell comprising at least one
compartment consisting of a back-wall provided with at least one arrangement
of projections delimited on the side opposite to the back-wall by terminal
surfaces lying on the same plane, said electrodes to be replaced being in

contact with said terminal surfaces lying on the same plane thus defining a

contact surface, wherein at least part of each of said contact surfaces is free

from constraints, and said electrodes to be replaced are fixed to said terminal
surfaces of the projections, for example by welding, only in the peripheral
regions of said terminal surfaces, characterised in that it comprises:

« cutting part of said terminal surfaces of the projections so as to remove the
portions fixed to said electrodes to be replaced, avoiding at the same time
to remove a substantial portion of the terminal surface free from constraints,
and

. positioning said substitute electrodes onto the portion of terminal surface of

the projection which was not removed during the previous cutting, fixing



surfaces of the projections, for exanple by welding, only in the peripheral
regions of said termnal surfaces, characterised in that it conprises:
cutting pe@v2/af8ssai d term nal surfaces of the projecti onsPEDERSI/R2837 enpbve
the portions fixed to said electrodd8 to be replaced, avoiding at the sane
time to renove a substantial portion of the term nal surface free from
constraints, and positioning said substitute electrodes onto the portion
of term nal ssaiflaudbstifute tehectpmdsiseiot $aid residual teamninabtsuriagey prefeiablnin Bhe
previous cutting, fixing WO 02/ 36857 PCT/EPO1/ 12537 10 said substitute

el ectrodes t ops@bibrabgbiiuslof saldeaRrluss terfrivest supfaeéer ably in a peripheral
portion of sald residual term nal surface. These and ot her aspects of the

| nvent | on "T*F\@sélél‘rl?tcgtgéf’daé.p’écféﬂ'%ffmel Y oneé@mﬂh%‘znaté@iiﬁht “P@N&X/ingre not

i ntended in any way imt 1ts extent ichis fined only by th
attached clains, Figure 1 s a side.vi flJ.St . e i ,
el ectrol yt %arpglqs, lqmgowgigeq{%rﬂ)ﬁmtgﬁ@%&i@g&y 3{?& tg?@'ﬁg@\% Eﬁ%@&%&%ﬂﬁent
steps of the method for subs itl{:ﬁi,n the electrodes of an electrolytic
cel | of theefingdablydy Beciiagngg daMbhe first enbodinent: in particul ar,
figure 2 shows the detachnent of the exhausted el ectrode structure and
figure 3 shawset hds posidd siem@iod firtlecablosimenit ef éhecledudyticacelbradihg t o
the invention. Figure 4 is a side view of a second enbodi ment of the
el ectrol yt iryeibh. of the invention. Figures 5 and 6 shows subsequent steps
of the method for substituting the electrodes of an electrolytic cell of
the invent b4 ras 90544 MIshdv the s§BS&REENt steps of the method for substituting the
electrodes of an electrolytic cell of the invention according to the first
embodiment; in particular, figure 2 shows the detachment of the exhausted
electrode structure and figure 3 shows the positioning of the substitute electrode
according to the invention.
Figure 4 is a side view of a second embodiment of the electrolytic cell of the
invention.
Figures 5 and 6 shows subsequent steps of the method for substituting the
electrodes of an electrolytic cell of the invention according to the second
embodiment; in particular, figure 5 shows the detachment of the exhausted
electrode structure and figure 6 shows the positioning of the substitute electrode
according to the invention.
EXAMPLE 1
A first embodiment of the electrolytic cell of the invention is shown in figure 1; in
the renewable electrode structure, delimited by the back-wall (1), a planar
electrode (2) is fixed at a predetermined distance through at least one projection

(3), consisting in a spacer fixed to the back-wall, which constitutes a repeating

support element. The electrode is fixed to the spacer by means of a constraint



enbodi ment; in particular, figure 5 shows the detachnent of the exhausted
el ectrode structure and figure 6 shows the positioning of the substitute
el ectrodevoawaessdi ng to the invention. EXAMPLE 1 A first pabsdévesi7 of the
electrolytic cell of the invention idlshown in figure 1; in the renewable
el ectrode structure, delimted by the back-wall (1), a planar electrode
(2) is fixed at a predeterm ned di stance through at | east one projection
(3), consi &) gy enarpspacueldingewhich chasseacthenadntacivisldace diedwvieentthe a
repeating support elenment. The electrode is fixed to the spacer by neans
of a const gRictrbd\RRARBE 8BiiRET/sEHaEé 16¥5thé sgdcdrd thatfl ior thexaorihee afwhkdi ng,
whi ch crosses the contact surface between the electrode and the term nal

surface of SRS [ S fint i eEaiaPesseehihojst he
back-wal | . S‘SA%?erhom ieﬁ E&hgxe ibéﬁrr(@?”' gg gﬁgv(\),ﬁslp rt&?ﬂ?@?%& p%lgi ti on%c‘iﬁtflr? a

f
eri pheral _region sai.d.t 1.nal : o s . t
Pormna - sbraesia! en@ihbanPeBin ShER EHr o B f FolBhind bar o e
to the latter at all, just abutting.thereto. .Figure 1 ,shows also the
peri pher al 8 %@’éﬂg}(a\?)’f qfhtgec'%gqce I'%ﬁ@ﬂtla??ﬁ"r'tgv&%@l%tweds tisz(i‘?grtQI
gasket (6). In the nost common case, the flange and the back-wal| are
parts of aths ladles atetlupptstiphutting etate, Fighse dshowvsalsartheinerpheez! flange
enbodi ments, the flange and the back-wall nay not be integrated in a
singl e el ep®nbf aned @liselephdrey providegosithl selpemphesl gaskebeGpr ks dime . mdste
external surface of the electrode, that is the one not in contact with the

spacer, |isS Brfh&H @BkY, e afla‘ﬁgéi a6l tRa havkenslptes rpdredof eveingh tshructugsipect

to the external surface of the peripheral gasket. In a further preferred

mbodi h I de.d j I
g0 th SBSuEBhERIF R Paltgh Ghef BREENRRRAE e fardle FodTy PREIORHE! e

thickness cr)r];ayt Rgt be integrated in a single element and also other interposed elements

may be present. The external surface of the electrode, that is the one not in
contact with the spacer, is preferably at a defined and pre-determined level with
respect to the external surface of the peripheral gasket. In a further preferred
embodiment, the external surface of the electrode is at a defined level also with
respect to the flange, in order to consequently define also the thickness of the
gasket as per the previous description. According to the method of the invention
for replacing the electrodes, when the electrode (2) must be replaced, for
example because its catalytic coating is de-activated or for other reasons
suggesting its substitution, the spacer (3) is cut along the line (7), thus
permitting removal of the electrode. The cutting may be made from the outside,
for example by means of a laser beam, by concurrently cutting the electrode in
correspondence of the prolongation of line (7). The situation which takes place
after removal of the electrode is shown in figure 2.

Figure 3 shows the fixing of the substitute electrode (2') to the residue of the

terminal surface of the spacer through a constraint (4’), for example a welding,



gasket as per the previous description. According to the nethod of the
invention for replacing the el ectrodes, when the electrode (2) nust be
repl aced,wo er/3688xanpl e because its catalytic coating is deenErPIvesssd or for
ot her reasons suggesting its substitlation, the spacer (3) is cut along the
line (7), thus permtting renoval of the electrode. The cutting may be
made fromthe outside, for exanple by neans of a |aser beam by

concur r ent preferably ngriidte aiteot aopkeripheralc cegiers pafnthenternofalt berfacelddniat | on
of line (7). The situation which takes place after renoval of the

el ectrode §5asdtoWsavifgf dstrRiderabledpbhios shams ddifadt ¥iuMgcofberheepuipst i tute
electrode (2') to the residue of the termnal surface of the spacer

through a g%@@{;&%&’id (tﬁ'e rsé{ﬁc%F f@@@&%n@tr’é‘ﬂs@iip% MMt/ R8BSR this way,

PCT/ EPO1/ 1 prefe y carried out 1n'a peripheral region o

termnal surface of th spacer . | eavi a_consi der rtion of.the
cont act su?lﬁl%%eéq%@ttv@@iaqeﬁﬁen 8l 35% r%ocﬁ?ng%da %églbgagglr%g r 5@%‘? @% Cgl(blggi nts;
it is evident how, in this way, , subsequent replacenents are possible
accordi ng fethes bwf@da@k%rerﬁewngnwﬁ@db,ortb%%Péah%ltpvn»néﬂwrfggesqfaiwe
portions of the term nal surface of the spacer. Obviously the larger is

t he terni napacan Clndowdly the largac éa tha tesminal sustacenuintber spEcesuibhst gregtérons
will be possible. Figures 1, 2 and 3 show a spacer with a particul ar shape,

the profil gupfberdr ehbstitasiofewili tkepeskible. a Z; this shape is obviously only
one of the shapes which permt to practice this particular enbodi nent of

the invent ?R;ﬂfre?% ?éﬁ@ 33Qﬁ&\ﬁrispémﬁﬁitPP%%ér:ﬁl@@aAﬁgﬁ?ﬁ@, {hekiSioa/d bpwﬁicﬁ G,

or reversed or the ke can be used as well. n some cases the
oS58 RS R SN < B vt R SR i
permit to practice this particular embodiment of the invention, but also spacers
whose profiles may be likened to a T, C, or reversed H or the like can be used
as well.
As in some cases the terminal surface of the spacer may be rather large, it is
normally advantageous to provide the same with apertures or openings such as
holes or channels, especially when the electrodes are also perforated, for
example in the form of meshes, perforated sheets, expanded metal sheets. In
this way, the large contact area between the spacer and the electrode avoids to
negatively affect the fluodynamics of the electrolytic cell and, in the case of
membrane cells, mainly avoids local blinding of the membrane, and thus the
establishment of dangerous gradients of concentration and current, which are
often the cause of the local failure of the membranes.
EXAMPLE 2
A second embodiment of the electrolytic cell of the invention is shown in figure
4: in the renewable electrode structure, delimited by the back-wall (1), a planar

electrode (2) is fixed at a pre-determined distance through a projection (3)



hol es or channels, especially when the el ectrodes are also perforated, for
exanple in the formof neshes, perforated sheets, expanded netal sheets. In
thi s way W0 %3488t ge contact area between the spacer and tPeT/EP&c283de
avoids to negatively affect the fluddynam cs of the electrolytic cell and,
in the case of nenbrane cells, mainly avoids |ocal blinding of the
menbrane, and thus the establishment of dangerous gradi ents of

concent r at whithaeanstititteaibe repeatingaseppast elemarie Tbawsejestion ((2) isovatefadi | ure
of the menbranes. EXAMPLE 2 A second enbodi nent of the electrolytic cell of

t he i nventivan separsit@efernentsi ther first, 4ixed o tie baekewsib Isemelt e aif raodiavs pieget ur e,
delimted by the back=wall (1), a planar electrode (2) is fixed at a

pre-deter 'sge(#ordbﬁéﬁﬁfbﬁ N UAY9BIEY BREEEGHHIER &ﬁ%nfw%og/&%ﬁélliﬁ ToERAd/ 12537

13 which constitutes e repeating support ele t. The projection (3) is

made of two separ e , ' ' N .S nmade
of a draw 15'(%@% 'ort §§ ,ﬁU@gra@@;ﬂg{p tttaggrhé %]Lsghjisg['éeéﬁﬁ%g%é %{?h%lﬁ% #té)vrél ‘a
channelling for the ciyculation of fluids agcording to.the discl.osure of
OE 105 50 BeL draw ieRa: (&) dngy be rbtainad Wi ATRENt SRpniies AGeRIINGi P,
different geonetries according to different procedures of the prior art,
for exanpl diffeyertoprocpderas afythsr peospdefor exaiepledab faldapressing, off 2 e8@et-o t he
projecting part of the draw piece (8) for exanple by welding, is a planar

el ement ( 9Thehsedorebeidment, dixetihe duwntprojectisyirfaat ef dhe t dravppeoec($)ofor Sai d
pl anar contact elenent (9) is preferably provided wth apertures or

openi ngs, Eseém?ﬁ?rw Selding S iP e bRinak eslemeng (9P witlch teonatitites thetdorithendi ng
phenonena, In e cCase of "nenbrane cells, and perturbations of the cell

o Sigad B BT SR B Sarepe el By e 11 xeo
with apertures or openings, for example it is perforated or grooved, to avoid
both blinding phenomena, in the case of membrane cells, and perturbations of
the cell fluodynamics, according to the previous description.

Tr‘me electrode is fixed to each projection by means of a constraint (4), for
example a welding, which crosses the contact surface between the electrode
and the terminal surface of the projection, that is the contact surface between
the electrode and the planar contact element (9). As shown in the figure, said
constraint is positioned in a peripheral region of said terminal surface; the
remaining part of the planar contact element (9) in contact with the electrode is
by no means fixed to the latter but is simply abutting thereto. Figure 4 shows
also the peripheral flange (5) of the cell element provided with a peripheral
gasket (6). Also here, in most cases, the flange and the back-wall are integral
parts of a unique structural element, which may be likened to a pan; in other
embodiments, the flange and the back-wall may also not be integrated in a

single element and interposed elements may also be present. The external

surface of the electrode, that is the one not in contact with the projection, is



exanpl e a wel ding, which crosses the contact surface between the el ectrode
and the termnal surface of the projection, that is the contact surface

bet ween Wwoe2aissttrode and the planar contact el enent (9)PCHBEP&IAMT i n t he
figure, said constraint is positiondd in a peripheral region of said

term nal surface; the remaining part of the planar contact elenent (9) in
contact with the electrode is by no neans fixed to the latter but is

si npl y abuprefergblyhat et dixedi ana era-dstwwined|levelt wihpespghktalthe| exigengls) of
the cell elenment provided with a peripheral gasket (6). Al so here, in nost
cases, thegfrfzroefand pbepierak-gaaket aneal ptefgrrell emdotitnaft, ahenéxteenal
structural elenent, which may be likened to a pan; in other enbodinents,

the flangegapgdd B\etm—f"gh‘e‘&@dle g8t §li@dNelelPSIsbrlitgrasssttitB e FAME,an

el ement and i nterposed el enents may al so be present. The external™ ‘surface
of the el ectrode, i S nEL. | a A 0j i is WO
02/ 36857 #&‘FFEP@M@%%? Coi‘g?g%&@r aﬁ\ey thiekfdks g’gdmz?n?a%?gt- s RFEliod el
with respect to the external  surface of the ri pheral, gasket.. In.a
preferred @p8FEWEReACCORNRY @("th@rrﬂﬁimdgﬂ'? ?@@"&5%%5‘%&89??8@ §18veRtioN.f | xed

| evel also with respect to the flange, in order to define, consequently,

t he thi cknalse ipfthe masgaefitbis secondeembadinentdudenithedledseds B & Pee

met hod for replacing the electrodes of the invention, also in the case of

thi s secongpradeegifoeskamplebetdisecite catahytie (@tingais devabiivated pirfoe dtheror
exanpl e because its catalytic coating is de-activated or for other reasons

whi ch i MPose,Bhs SHIBE Fhpbds of SRER B NEplabBMeht, ah6 projedtidrd)3)iis catitioagong
line (7), thus permtting the renoval of the electrode. The cutting nay be

ot on e (SR PG G ST BL BN GTAThtdpasradamecy
O o b st GBS YoM oRS B N 8 of BTRY Beafl, b Eofdiifbrie o
cutting the electrode in correspondence of the prolongation of line (7). The
situation which occurs after removal of the electrode is shown in figure 5.
Figure 6 shows the fixing of the substitute electrode (2') to the residue of the
planar contact element (9) which coincides with the terminal surface of the
projection, through a constraint (4°), for example a welding, preferably carried
out in a peripheral region of the terminal surface of the spacer, leaving a
substantial portion of the contact surface between the electrode and the spacer
loose and free from constraints; it is evident how, in this way, subsequent
substitutions are possible according to the above described method, by
gradually removing small portions of the terminal surface of the spacer.

Obviously the larger is the terminal surface of the spacer, the greater number of

substitutions will be possible.



Figure 6 shows the fixing of the substitute electrode (2') to the residue
of the planar contact elenent (9) which coincides wth the term nal
surface o¥O0h&s85proj ection, through a constraint (4'), foPCEERMMI2E37A

wel ding, preferably carried out in d5Speripheral region of the term nal
surface of the spacer, |leaving a substantial portion of the contact
surface between the el ectrode and the spacer |oose and free from

constrai nt €LAIMS:s evident how, in this way, subsequent substitutions are
possi bl e according to the above descri bed nethod, by gradually renoving

smal | portitonsaaf eldeeroty@icntalniwibet fapsorifest BE Isasicene refewableslefediftriel ar ger
is the termnal surface of the spacer, the greater nunber of substitutions

will be p°§ﬁ7b&hf‘? Cmpgﬁ{ 6857 PCT/EP01/12537 15 CLAIMS: 1. An
el ectrolytic ce IC onprises at | east one renewabl e el ectrode

ol emont made o pebppe Bl TRl RRRLARG A W BERolRdug & BrRRs

back-wal | by a termnal surface, sai er.m nal rfaces. of sajd .
proj ect i onsyl delgited amthesside ?ﬂ%geﬂoék‘?l tW%JﬁEYeﬁ &W%e’sq&?c&ﬁ?%t

wth said termnal surfaces of said projections, thereby defining a

cont act surfatm‘ﬁdm@lr%b@ﬁti@ééaidrpmmloasmparﬂﬂ@éﬁﬂ@d?'@ﬂ@n of said contact
surface is free from constraints and the at | east one electrode is fixed
to each of saitl Itestrional elenmotiec@s cointaai dithr epidc teromisalosuyfaces auf kelmlst one
peri pheral region of said termnal surfaces. 2. The cell of claim1,

char act eri sedyjd)otiiiHs, BdrebPdefifidgla ooreabl @ffdcede is fixed to said
t erm nal surfgces of said projections by wel ding.
characterised in that a substantial portion of said contact surface is free from
constraints and the at least one electrode is fixed to each of said terminal
surfaces of said projections only in at least one peripheral region of said
terminal surfaces.
2. The cell of claim 1, characterised in that said at least one electrode is fixed
to said terminal surfaces of said projections by welding.
3. The cell of claim 2, characterised in that said at least one electrode is
provided with apertures or openings.
4. The cell of claim 3, characterised in that said at least one electrode
comprises a combination or superposition of at least one element selected from
the group comprising meshes, expanded sheets and perforated sheets.
5. The cell of claim 2, characterised in that the said least one electrode
comprises a combinations of generally parallel strips.
6. The cell of the preceding claims, characterised in that said at least one
electrode is provided with an electrocatalytic coating.

7. The cell of claim 6, characterised in that said at least one electrode is an

anode.



3. The cell of claim2, characterised in that said at |east one el ectrode
is provided with apertures or openings. 4. The cell of claim 3,

char act ew@ez3dsn7 t hat said at | east one el ectrode conpri BEFERICIAYI nati on
or superposition of at |east one el eéent selected from the group
conprising nmeshes, expanded sheets and perforated sheets. 5. -The cell of
claim?2, characterised in that the said | east one electrode conprises a
conbi nat i o8s ofhgemdirafl diginpdr aehdratctesised pis th&. saith@node | confiprides g tiErdainng
clainms, characterised in that said at |east one electrode is provided with

an el ectrog@@@tka&blc@aﬁéwmtn@ﬂ% corhprisifg hobfe wkadisafd tiedinbRigesr i sed in that
said at | east one electrode is an anode. WD 02/ 36857 PCT/ EP0O1/ 12537 16 8.

The cell of cl %ha]aeu Wagﬁﬁfﬁ?rdhgﬁadcté&édﬁm frif! s%,@ap%s@gmrélé@ﬁo@e gsesén{gym

substrate coated wth a m conpri sing no netal s and their oxi
The cell of t%?ﬁl m 6, characterised in that said at | east one electrode is a

cat hode. & cell of claim 9, characterised in that sai d cat hode

corrprl ses a ni ckel substrate. 11. The cell| of clains o 5, characterised
in that sail@ prbpe@li@ndaig & ﬁbw&rqrgﬁedsl@ﬁaahﬁ@e %%%%% §0mnor'§%%iatw0k$le
back-wall. 12. The cell of claim1ll characterised in that said term nal

surface of sslastdatespacers is provided with holes, channels, or openings of
any other kind. 13. The cell of claim 11l characterised in that said spacers

have a profitl e Thgedrafldaimshakes, amrdctefsed inothabisaiti4rojEationshte oiutwdlp s |
to 5, characterised in that said support elenent is
separated spacers, fixed to the back-wall.
12. The cell of claim 11 characterised in that said terminal surface of said
spacers is provided with holes, channels, or openings of any other kind.
13. The cell of claim 11 characterised in that said spacers have a profile
generally shaped as Z, C, T or H.
14. The cell of claims 1 to 5, characterised in that said support element is
made of a series of projections which comprise at least one draw piece and at
least one planar contact element fixed to the surface of said draw piece
opposed to the back-wall.
15. The cell of claim 14, characterised in that said draw piece is an undulated
sheet.
16. The cell of claim 15, characterised in that said undulated sheet forms a
channelling for the circulation of fluids.
17. The cell of claims 14, 15 or 16, characterised in that said planar contact

element is a perforated or grooved element or an element otherwise provided

with apertures or openings.



made of a series of projections which conprise at |east one draw pi ece and
at | east one planar contact elenent fixed to the surface of said draw

pi ece opposHskssd t he back-wall. 15. The cell of clai m 14pCURBYIARSIr i sed in
that said draw piece is an undul ated17sheet. 16. The cell of claim 15,
characterised in that said undul ated sheet forns a channelling for the
circulation of fluids. 17. The cell of clains 14, 15 or 16, characterised
in that sail@ plTeacelbohtladn 176lckaratteiisedhinptvat saat planar cgniect etbre¢mnisnt or
an el ement otherw se provided wth apertures or openings. WO 02/ 36857

PCT/ EPO1/ 1§§I§Eted1ﬂoﬁ18the_'r@|%u@e¢dmpﬁsiﬁ%; gh&3tes, expanasd ehbsedand pefatatedi d
pl anar contact elenent is selected fromthe group conprising neshes,

expanded SQI‘?@@ and perforated sheets. 19. The cell of claim 14
characteriSed in that said planar contact elenent is fixed to the surface

of the cel ool TEFdekotCieh o piagterBhdR ol bl Wabet ot B8 Al The

renoval of said electrode to, be replaced wupon cutting a portion of said
termnal stixedietherswice Yfissiteravhpiecevaldinti sed in that said cutting
causes the renoval of said peripheral region of said termnal surface of
sai d proj e20i oAsmethastfarosubstititispean etatérodevei ieneplt eleclpndaio Bfwith a | east
a substantial residual portion of said termnal surface free from

constrai nt gypstdite Ehetroabhedmpfisiplgaihe Ainoveraiciadd isdenirdde tchbe repiatedut ti ng
of said termnal surface of said projections is carried out concurrently

with the cyhbh gy 4 pSrtidi 6C4di@98mbiRalbsurfRR! GHaRfld projections, characterised
in that said cutting causes the removal of said peripheral region of said terminal
surface of said projections fixed to said electrode, avoiding the removal of at
least a substantial residual portion of said terminal surface free from constraints.
21. The method of claim 20 characterised in that said cutting of said terminal
surface of said projections is carried out concurrently with the cutting of the
electrode to be replaced.
22. The method of claim 20 or 21 characterised in that said cutting is carried
out by means of a laser beam.
23. The method of claims 20 to 22, comprising the application, subsequent fo
removal of said electrode to be replaced, of a substitute elecirode on said
residual portion of said terminal surface of said projections.
24. The method of claim 23, characterised in that the distance of said
substitute electrode from the back-wall is substantially unvaried with respect to
the original distance of said electrode removed from said back-wall.
25. The method of claim 23 or 24, characterised in that said application of said

substitute electrode is carried out by fixing said substitute electrode to said



22. The nethod of claim 20 or 21 characterised in that said cutting is
carried out by neans of a |laser beam 23. The nethod of clains 20 to 22,
conpri si MO Ds8appl i cati on, subsequent to renoval of sai BCEEReR63e to be
repl aced, of a substitute electrode dh said residual portion of said
term nal surface of said projections. 24. The nethod of claim 23,
characterised in that the distance of said substitute electrode fromthe
back-wal | iesidughdeeminiahlisuyfacevaeir $aid aii least espewojaationt trly dni &fi leaist dinst ance
of said electrode renoved fromsaid back-wall. 25. The nmethod of claim 23

or 24, chapagpiesrabegiomof §4itl iemhidapgpfdoeat i on of said substitute el ectrode
is carri ed out by fixing said substitute electrode to said WO 02/ 36857

PCT/ EPO1/ 1§§37Thé$nétﬁép%%|alﬁﬁw &?Araét%ﬁ%%fﬁn fHat %%iodflﬂh l#agid Sistitute

projection only in east one ' peri pher regi on of idterm nal

surface. 26, Th t said fixing of
sai d substPEeﬁ rQEegeééioe@ggj%%&?ésrm@gS&E@%%ﬁhﬁ{afﬁ%g%a ‘ace conprises a
wel di ng. 27. A nethod repl aci n | ectro fthe el.l of claimill

W th A subati « AuBCIRecdet reRlshing Ge rodp Shie f@ﬁﬁ?&'a'm Lty Lpuistiules o
be replaced by nmeans of cutting a portion of said termnal surface of said
spacers, checkoter samprisingtthatremoxptoksaid istrstivalgsieda mplacsfbbumenssal d

peri pheral region of said termnal surface of said spacers, avoiding the

removal of cattinheapbrtorsobsaidnteimainat esifdoalof spiot spasersf clsaidtepised infthat
termnal surface free fromconstraints. 28. The nethod of claim 27

characteri gaf bUtth?abaéé’é@ the!tlehityapfofPaditl périgiadrell régibm ohlsakltémeiaapf
said spacers is carried out concurrently with the cutting of the el ectrode

to be repl ag ﬁg?? e? said"§pAErBOv Qling! Ak Tertoval of 8t fRRE aCsfitaash Ir8siiial sai d

cutting is

portion of said part of terminal surface free from constraints.

28. The method of claim 27 characterised in that said cutting of part of said
terminal surface of said spacers is carried out concurrently with the cutting of
the electrode to be replaced.

29. The method of claim 27 or 28 characterised in that said cutting is carried
out by means of a laser beam.

30. The method of claims 27 to 29 comprising the application, subsequent to
said removal of said electrode to be replaced, of a substitute electrode on said
residual portion of said terminal surface of said spacers.

31. The method of claim 30, characterised in that the distance of said
substitute electrode from the back-wall is substantially unvaried with respect to
the original distance of said electrode removed from said back-wall.

32. The method of claim 30 or 31, characterised in that said application of said
substitute electrode is carried out by fixing said substitute electrode to said
residual terminal surface of said projections only in at least one peripheral

region of said residual portion.



out by means of a |aser beam 30. The nethod of clains 27 to 29 conprising
the application, subsequent to said renopval of said electrode to be

repl acedwoh2/as8substitute el ectrode on said residual porPCORP@I1283% d

term nal surface of said spacers. 31.19The nethod of claim 30, characterised
in that the distance of said substitute electrode fromthe back-wall is
substantially unvaried with respect to the original distance of said

el ect rode B&noVbd nietbodsdiakibndk- eractegged Fhthahsaitblixio of IsaidhsBostibute31,
characterised in that said application of said substitute electrode is

carried ouglddyrotibxd Baid@isitislibshiihaltsairiacecorieet @ waldihg.r esi dual termi nal
surface of said projections only in at |east one peripheral region of said

residual pgiti AnneiB0Rf 3@&&&35%/ @5&%(?@5!3%8 ok ot Haid e WrhhoSudtitetedl M

32, characterised in that sard fixing of sald substitute electrode to said
resi dual termnal rf ' |, di 4 t ci ng
el ot r ofEeuparnaoBeNE g e i 2L O FH OB by SRR Doy br e
conprising the renpval of said el ectrode by cutti a portion of sai

o ahar *conplager EDBIAAEIoTE SePEEIIsEa R thatAe S ANGALRRS RarSBsvald
renmoval of said portion of said planar contact elenent, avoiding the
renoval of said pedisn of saidplarait¢antacteiement, P@idingihefregwval phat legst gl anar
contact elenent free from constraints. 35. The nethod of claim 34

char act er i ggBstantiaihedsidiait perdiod afusait ngarofof paanantontzat elereent frabk Somf ace
of said spacers is carried out concurrently with the cutting of the

el ectr ode Eené’t?aiﬁ%pl aced. 36. The nethod of claim 34 or 35 characterised in
that said cutting is carried out by neans of a | aser beam

35. The method of claim 34 characterised in that that said cutting of part of
said terminal surface of said spacers is carried out concurrently with the cutting
of the electrode to be replaced.

36. The method of claim 34 or 35 characterised in that said cutting is carried
out by means of a laser beam.

37. The method of claims 34 to 36, comprising the application, subsequent to
said removal of said electrode to be replaced, of a substitute electrode on said
residual portion of said planar contact surface.

38. The method of claim 37, characterised in that the distance of said
substitute electrode from the back-wall is substantially unvaried with respect to
the original distance of said electrode removed from said back-wall.

39. The method of claim 37 or 38, characterised in that said application of said
substitute electrode is carried out by fixing said substitute electrode to said
residual portion of said planar contact element only in at least one peripheral

region of said residual portion.



37. The nethod of clainms 34 to 36, conprising the application, subsequent
to said renpval of said electrode to be replaced, of a substitute

el ect rodevon2/3@sd resi dual portion of said planar contacPCPEPIIZI2837 38. The
met hod of claim 37, characterised in20hat the distance of said substitute
el ectrode fromthe back-wall is substantially unvaried with respect to the
original distance of said electrode renoved fromsaid back-wall. 39. The
met hod of 40ai e Mmetho8Kf atdiar 38t @hrargetdrised irhttat saiddfixipglof satd substituteai d
substitute electrode is carried out by fixing said substitute electrode to
said resi gduatropertbi suld dbspidial ppttanast shiot gahactenent cthanti coraprisexagt one
peri pheral region of said residual portion. WO 02/ 36857 PCT/EPOL/ 12537 20
40. The ne n@f claim39, characterised in that said fixing of said
substitute elettrode to said residual portion of said planar contact
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description and in the figures.



