;e3ec. F"6T.0 :3 NOV 2003 WO 00/ 68463 ELECTRODE STRUCTURES The present
invention relates to electrode structures for use in, for exanple, bipolar
el ectrolysers, particularly a nodul ar bi pol ar electrolyser d aI?o in
fuel cells. Mnopolar filter-press type nenbrane el ectroly NQV 20k |
known, for eWQ®pPb&##6xs described in our GB 1,595, 183. Such e!’lcééfﬁﬁl@m}'@érs are
readi |y made, inexpensive and easily assenbled Bi pol ar el ectrol ysers are
known in the art, for exanple as descrilped in our GB 1,581, 348. In bi

el ectrol ysers of conventional design for use in the electrmWﬂmm meuwﬁueous
solutions of alkali netal chloride the bipolar unit conpri

which is suitably in the formof a plate of a filmform ng netadsissusual |y
titanium the plate carrying an electrocatalytlcally active coating, for
exanpl e a plati num group net FLRETE ) © R g Which is suitably in
the formof a perforated, eg foranlnous p ate of metal, usually nickel or
mld steel, the anode and cathode bei ng electrlcally conductively bonded to

each other to form?. bi h %e‘g iators are i oned het ween
successive bipol ar GRY P ‘%eé‘ 89 a9 Pectofe i M8§ s dOr ©8mMBt ¢ he
anode of oﬁpolbraedt@nyseﬁl ﬁaﬁ@ﬂ&ﬁjéﬁedﬁl&tﬂ?@ﬁ efktrdl &r%ﬁﬂ@ﬁ@fﬂh@l‘&ﬁ& ar unit

Wi th a separator disposed therebetween he el ectrol yser al so conprises

termi nal anode and cathode units. In operating an electrolytic cell of the

pobsi bl e between 1 heCasle HEgRsd RpoBehfhde dicki R BTBsL B M ARGRRE, (o

possi bl e between the anode and e ano

keep ohni cad desgibsd incowd GBeh 595,183 Suet dlectolykargre readily fiadd, mwpen-me af@payilgt or s
are genera ﬁd%acent or even in contact with the cathode and in order to
achi eve a @ﬁép node- cat hode gap without at the same tinme damagi ng the
separator it WO 00168463 -2 0 3 NOV 2003 PG'T/ GB00/ 01645 is necessary to
exerci se considerable care in order to manufacture el ectrodes having a
suitabl e degree of Birplarelestralysers areiknown dothn exefs axamploasdeseritad in bim €B
flatness dy d he heat treatnment involved in'coating the electrode wth
an eIectrocatd?@tlcalIy-active coating. Furthernore, great care nust be
exercised in assenbling units. in a bipolar electrolyses if danage to the
separators is to be_ayoi gq?id us 4, 557,816 discloses that uniform .
concentration distrhgiBo W“@‘Yéifﬁroé@’@‘@n%}ab%ﬂ&nh@f@Fﬂa@tﬁ’é@é@ﬁp}ys{stﬁ

bi pol ar - el &flebl¥fsnlstaiali At RIS e PBYIalhil SREAEh Roal BficRTOKEALAN Of
certain vertical ducts on the side of trotde away fromthe separator
for |iqui dindgenformwef aplate ef3 ﬁlm-fchnsng oetd, vdually tltamuai ah¢ plaselcanryisg smance
f the bi bed ¢ d

curr ont donghies SRR HEE FRRE kot Sraleh PR EE T e athode

el ectrical \Mhmhdmsﬁlta‘b@ ﬂﬁﬁhﬂﬁ)mbﬂ‘fa\mefbrdtdﬁﬂég/fo%ﬁho@%d@of retdl, Q4uaAY Rfckel or

el ectrol yses. 734, 180 dj scl oses a bi polar-type el ectrol yses conprisin
bi pol ar ﬁn léi %a, @ﬁ anode and cathode being elecmcalFl)y conductx}\//gly bonded to each other to ?J)rm J

a bipolar unit. Separators are positioned between successive bipolar units arranged in series in
the electrolyser so that the anode of one bipolar unit faces the cathode of the adjacent bipolar

unit with a separator disposed therebetween. The electrolyser also comprises terminal anode and
cathode units.

In operating an electrolytic cell of the bipolar type, it is advantageous to operate
with as small a distance as possible between the anode and cathode (the anode/cathode gap) in

order to keep ohmic losses, and hence the cell voltage to a minimum.

The separators are generally adjacent or even in contact with the cathode and in

order to achieve a small anode-cathode gap without at the same time damaging the separator it

M
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are arranged back to back with an expl osion-bonded titaniumiron plate

di sposed t herebetween and in which conductive ribs are welded to the

el ectrode and to the pan-shaped body " US 5,225,060 discl oses that the
formati on of gas zones in the upper portions of anode and ggtjmdes
structures ofo édss4edi pol ar el ectrol yses descri bed therei n nmepctaesqrnessent ed
by the use of non-current-flow ng space in the upper portion of the
structures. EP 0, 704, 556 discloses that, the provision of gas-liquid-
separators at the top of the anode and“cathode structures of the bipolar
el ectrol yses descri bed therern nlnrnrses pressure fluctuations, nmenbrane

deteriorati on and vol ta r| sﬁ VWO 98/ 55670 di scl oses an eI enent for a

bi pol ar ersggcfersm@éyrfzﬁ é:§redf‘ OFRlT ormadactye plsgtrodas fhaying g guitabli d
opposed PacH&CsHT Ditfess LIt BY APKchRRG t@rreui@élﬁf:ﬁ& Falnksd Gurl L0 flat tektifedt ©d
cones and. ar eaci)r eferably arranged in the formof centred hexagons to

i nprove | velv mrﬁoarrnﬁghwlc@p&wnbmlwuommly-amqqogamg Mhﬂgxors; gmahr eved

dbcr onse RETSeLr seiin s MR ARRLHA it el W it RN rPpalie

density vare &¢ awidecr oss t he el ectrode which is a partr cul ar probl em when
operating at high current density with a narrow or zero gap

anode/ menbr ane/ cat hode configuration with inpurity-sensitive ion-exchange
s P O [ 2US S THIBCIRNRS, HabbRRIA oGP BRIBLYARAGRAI Aldine
electrolytic cell unit's which conprise el ectrode artr IONsS W't ng
recesses agrasspthojeectrodsasn et Mpdaxecieqmueemdeshe&dj trheneedmdy be dtrpyoved rbytthé 0 ugh

asprrng othe ectio ri el ectr ol

units areP }Slnoelrff&r?ak’ Veftecgpiﬁcﬁsﬁniﬁ %r‘ﬁ&&?@ %B‘elﬁéﬁ%é‘rf% ent

el ectrol ytlo\cnﬂ@b.l units to forman el ectrol ytr c cell assenbly. However,
whereas the recesses and projections ensure good |ateral m xing of the
electrolyte, vertical mxing is poor. Accordingly, to maintain
concentration and Ugr@g‘{ﬁéllﬁrcﬁs d;ﬁgé ﬁ’let' tRQFlegh-rEQQ‘eﬁgta.{xceuJ}"tflesbl olta£1 Elcctao(iysep table
limts, energy-intensive punped external recircu ion 15 Heces gsary

addi ti onaﬁesempe;h&mm maspeeowkred add taifdem cuhﬁntedemeitty obtiined by ehd Wseiof cwtuuch t he
anode- cat ho p is.,zerq there js a tendenc Qr. pressure applied to the
separ at or “%ﬁf‘a‘ﬂﬁﬁmt‘%% Sﬂﬂi‘tf’ic%qa“?éﬂ%‘&f CWCFPIX'\% é‘l‘i’l-?F?uSr‘%a P‘ngbﬂfcé’@b’s?fo | ead
to deviations fromuniformty, abrasion or even rupture, of the separator.

This is particular lté t he case where the separator is an ion-exchange
menbr ane where it 4B 1188 diseloses 2 hipplasrtyae elestenlyser engsprisingthipdlaramitewhickane

t hrough t Jevi sed an el.ectr tructure
for a bi pgﬂ% ar e% ec?‘ﬁ(q P ;T?géeﬂrl% e IOP?%\A%I‘%@IPE%%FP & at%@éﬁosf(gﬂ}fm%etwem
anodel cat huodiin \ghlriscdnduchs/emtbealrelweldbdadﬂthelem&bdﬂ atfietb shetpantibapedtsvdpge to the
separator, which mnimses electrical resistance by using a short

per pendi cuI ar current-carrying path | ength between , el ectrodes and | ow
resi stance materi alys § 995 640 sTofi N
path | ength and whi ch af for{jas;’&}aoggiﬁaﬁ%fogﬁ?ﬁ{nt g{(ﬂrﬂ:{ g%%hrceor?ﬁam (S%‘t t he
el ect r ode 2p9de#nd cathpde streaturesoaf dheshipalartelacwolysar mlrescnbbdtherélm may(bmpedvemndi by

verti cal herein aidin cr r uI a on and m xi ng thereof and
has i npr ovftﬂegwr ?g?di'%%gﬁg&g?gg%aﬁﬂp&ﬁ eo"‘:%‘f’“‘f‘??l erance to be
achieved in cell construction. The el ectrode structure is of sinple
construction and easy. to fabricate. 4 0 3 NOV 2003 According to the first
aspect of the pr es@r?y 0. T0%A8A dliselases et e peovisioonaif gasilianid sererstarpetdhetop of thar e
conprisin ! phery
Chereof  f apodoar cBfueldufes OF B SRR 0P scrtolf ordh RGBSR

fl anges i fluatiftiorsmersbrant detetorationiand volege vifidtioh. separ at or i s di sposed

bet ween the surface of the anode of a first electrode structure and the

cat hode of a second el ectrode structure such that the anode surface is

substantial ly WO 98/55670 discloses an element for a bipolar electrolyser the two sides of

which are formed with flanges and opposed projections. The projections are preferably in form
of truncated cones and are preferably arranged in the form of centred hexagons to improve

lateral mixing of electrolyte. However, vertical mixing is achieved by downcomer ducts which



parallel to and faces but is insulated and spaced apart fromthe cathode
surface by the separator and is hernetically-sealed to the separator; (ii)
an electrically conductive plate spaced fromthe pan; (iii) an inlet for
liquor; and (iv) an outlet for fluids; wherein the plate is (8 agyrpoggl |y
connect ed t gQud hssi@n by neans, optionally in the form of a gehikidolotdssof

el ectrically conductive nenbers to which the electrically conductive plate
is electroconductively attached, mhich:frovide el ectrically conductive

pat hways bet ween the pan and the electritally conductive plate with the
proviso that, where the plate is an anode plate, it may optionally be
directly electrically connected to the pan; and wherein, where the

el ect r ode %Frase fhe peve area Qf % glgerade thys emplifying he eqrsntdensise easiatipn agrosntheled
with a pl . . . . . . ; .

el ectr odeLég:tadrr(?Jdg%'(’rjh?%1 lik gﬁ\%ﬁgg% ﬁg{? g@%&t@ﬁ%% tg ﬂgé}gggﬁgp Pselgesstﬁfglg%?\g\‘/)f ded
with a pl urml igay anpdemembnank/sathmde] eatfigneptipn ojvidh t ingpusityssenkititvé alontelrehdngsvar dl y
proj ecti ng, b(;jmeegti ons in the dished recess of the pan of the anode
structure mate With the outwardly projecting projections in the dished
recess of the pan of an adjacent cathode structure in an assenbly
conprising a plurality of the electrode structures. 0 3 NOV 203 4a The

el ectrically condudifQe2lp}8stdisclosesiebipplabelgcteolynst aomprising ¢legtrodid el units

her ei naf t g . ' . | i ral .. be .of .the .sa

mat eri al ggm{%@ pg%g étltﬁtergpin. hgﬁ%ﬁgﬂl \%’\ﬁ{eﬂr‘%}eﬁ %ges%ﬁggEo St %“S§Y‘§‘u°é?°&é’ ge fngs'tcf) be
used as aroiastbdiecily; ot theough e siring] tp shesprojfectivns.ad katk ofreichluptght el tiohgic cell

el ectrical ﬁfcondugti ve SpI. te.na%(f:ge made _ of val ve_ netal or_ an all oy

t her eof cdfET TE{WGC F SERESCYHLAN? angg Mebrang betveen giacentelpstralytie eellgmiss
struct ur e th ForhParb@edt®Bic 381l AssEMbIOHBwhVer! WRerEAARE [REXE! Shd roj@&i&ls.‘%%ﬁm et al
halide the el ectrically conductive plate may be, for exa €, stainless
steel, mi |&90dttaral mixiak of thy elegsrnbe,. vertical 3nikipg 2QBEr.\WXOEiGEHHS nfintain

PCT/ GB0O/ Wi [eqgj d t.hat where the electrically .. .
conduct i vg&)gf afré&?ns agé] tgﬁlggg eofdagiégonl nb engeelll'é'ﬁtlsrml g ?cfetp%l‘%llhrﬂ'ésar an
el ect r ocatentrgy-imterisivy panpdd\eRtefabictifghlatidh & ret@sdry el lalditicanepehdiVEpipbdR  May
have any sui,taple structure as is hereinafter nore fully described. The
preci se st e is not critical. In order that the pressure applied to
the separator positioned between the electrically conductive plates of

adj acent el ectrode structures in a nodule according to the present
invention is appli daelegtealytic celirdn svhichithg angté-gatbadegiap isizew théraise tesdqnepfoer abl y

flexible. r roj f in the dished recess.is. .

el ectr ocorfg%sg ri@va gﬁ&/e\éég ﬁ’%g E‘Faéngrtetg}oggﬁ Hesnpds %rg “r“@“’g‘é ﬁ'&ﬁé’t’s'}‘?}’e‘% HeFartaghien
that the peijted¢viaioss foomuhifbemity aprasion besven hgmeke RFHRIsEpaRRAC Ehik Mfafituldy
current digstribution across the pan |eading to | ower voltage, |ower power
consunpt i oAE SESHWNEH Be serarais isAnden-exshange aempbsane whsan it isdesivabledo apply an even

pressure to the membrane through the anode and cathode.

We have now devised an electrode structure for a bipolar electrolyser which
allows very small or even zero anode/cathode gaps to be used in such electrolysers without
damage to the separator, which minimises electrical resistance by using a short perpendicutar
current-carrying path length between electrodes and low resistance materials for almost the
entire perpendicular current-carrying path length and which affords excellent current distribution
throughout the electrode area . The electrode structure permits both horizontal and vertical flow
of liquors therein aiding circulation and mixing thereof and has improved rigidity and strength
which allows closer tolerance to be achieved in cell construction. The electrode structure is of

simple construction and easy to fabricate.



The projections in the dished recess are preferably spaced apart from each
other in a first direction and in a direction transverse to the first
direction. Mdre preferably the projections are symetrically spaced apart.
For exanple, they may be spaced apart by an equal distance img Nov" 53
direction, and spaced apart by an equal distance, which may be the sane, in
a direction transverse, for exanple substantially at right angles, to the
first direction. PrefacahlingtdticFidaaspes: cIfiey pre®eht ihtntioh €etci pfovidedant he
sanme in both directions. The projections in the dished recess nay have a

variety of gbarRs strh@ire@3APRLifg dome, bow , conical or preferably
frusto-conical. As exanples of nethods of formng the projections' may be

menti oned ing?;ﬁ?&hﬁamﬁm&% | DHane%RIuRS tRDelipldH HEreoP R $ipdttingO"

preferably e application of a suitably shaped tool to thé opposite
surface of r W%%S I ﬂﬁ@ 20 - y 40 -
100 projecté%ﬁgfﬁéﬁgggs%ﬂﬁgﬁgg%ﬁgﬁ% r%%é%% 0 &%ﬁéﬁggﬁgg@qFﬁ%%éﬁg@?%ode
structure. 0,3 2003 WDO.00 4 -6 P 0 T i f the
projections“WF%ﬁgpﬁ%mﬂfgﬁBmﬁggf ggaﬁgﬁgfCF§%§§§9%%y&?§§ﬁg§§ﬁ%ﬁggﬁémﬁh t he
range 0.5-8 cB, ef er.abl -4 cnp, dependi.ng on the depth.of. the. pan.
The i st anceot BB R el clse B ENG YUr allhe e S CH Shyorvlyafls
exanple be 1-30 cns centre to centre, preferably S$-20 cns. The di nensi ons of
the el ect r oB&algl tend faeesibit is irsulfsdand seaceq,p %ﬁ\e cpihgdy %ﬁrgcep%tﬂﬂer ably in
the range 1-6 cmas neasured fromthe electrically conductive plate to the
base of t hesqparatdarangishermetisally-sgaleddo sissepareiorr ent pat hs which ensure | ow
voltage drops in the electrode structure w thout the use of elaborate
current car fiiangledtricalbesomfinetiveiptate stiaeed frgm dermdnict i ve menbers to which the
el ectrically conductive plate is electroconductively attached in the

el ectrode sfifiyaot intet frlighen, atd y conpri se posts. Wiere the

el ectrically-conductive nmenber to which the electrically-conductive plate
i s attached(ivpan outlehfor floidsy of a post and is electrically connected to an
inwardly projecting projection in the dished recess of the pan the |Iength
of the curr emtrefithbpise ibeleviiesllyt doanetedad tieqah by neamg uptidndBy nl the rand at he
pan may be mnim sed. Where the anode-post is nmade of titaniumor an alloy

t her eof andpfubgity 8t HedEcal9 Sbndustiveagdembdrs i wiketh thekleaftically endidiiee gbte ik he
| engt h of tﬁe el ectrically conductive pathway through the cathode-post is

preferably gregiBhaldaotlybfifcnt@&n@hich ?Iovida%le_%&%ﬁy é&ﬁh&t%e%%%?st berPednahdvay
t hrough the anode post. Preferably the ratio of  the |l ength of the

el ectricall %‘f%ﬁi& Elhé’tﬁa&@t&\‘i@%ﬁb%ﬁté%u{ {38 pfoRsH e dv@%?é tht Blate i€ ah ?xﬂﬂ% h of

the electri conductive pathway through the anode post is at |east 2:

1, f b 1 A ng O S r Aeee s Typi . th
rat?geigrgtbﬁgggghﬁoj%?é#ﬁg%leﬁgtHﬁdgﬁ%ﬁgr%§£¥%&§g%§§§% %%%?ﬁgykkgg%P%I;sgr
desi d mp h i . ' ; . ' yse

plate. Typi & ae?‘itrcifa%{%ﬁé&g’%eg? o anqop pRiage & fichdlhrt sl pRARIA U yllicooat O

preferably 0 to,4 cm Mere.the | ength i ero.. it will be understood that
Phe i nvent | SRV eSS Praise s ot dresBe Aerirode Rlrughire s { el ddp Sl 1
conductive pl aj.e, when intended.to functign as an anode plate |, be
Girectly ol BitdistedReesseis Amatiea g RYTal ol g arEhmaie oy PajerGos Aberuibey
connected thereto through a current earner as defined bel ow. WO 001 68463
Y the inwardly projecting projections in the dished recess of the pan of the anode structure

mate with the outwardly projecting projections in the dished recess of the pan of an adjacent

catliode structure in an assembly comprising a plurality of the electrode structures.



0 3 NOV 2~3 PCT/ GB00O/ 01645 Where the eletrically-conductive nmenbers to
which the electrically conductive plates are attached are in the form of
posts, each post is preferably provided with a current-carrier, eg a ring,
mesh, or wire-wool, adjacent the electrically conductive plaﬁg: &f’&ﬁke
mufti-point electrical contact therewith. Preferably the cur O er is
a nufti-legged current-carrier, hereinafter referred to for conveni ence as
a "spider". In sonme circunstances, it4as envisaged that the electrica
connections nmay be nmade wi thout using a post; for instance, in the case of
an anode structure, the apex of each inwardly directed projection may be

el ectrical |y connéteesledtricdllyeoadudive plat & deyirabbnametdl on aliey asds herginafterr as

foresaid, e.qg. i der. .The provisi f spid i t d
o Or e oridly ol sl b2 e S PAAS oL BR R R PR 1
hence | ”B{e%ﬁc%df%ﬁ%g{r}g Iisfk!?% LidAUlsiaR And R &CHHAG1LRoly QWS aN AikhR &R tad Reliecner

consunption a e of separators and el éctrode coatings. The
| engt h ofelectrizallp gendintive hrdate mratyehe whads ebe velvetmnetalsy anealloyiheteel gonsistgr i s

present, nmay. vary.within w | im.ts, ical Ly t i der k t ween
D and 2 a5oiegly Vop orbiinrot SRvEa Skt ks 16 UM 63AbRTE 86

bet ween kjd¥oRRE #08n AIRAiGREa) HRilidE efiedlbfritatlyweaduchverplarnmay 86 fomedaopie, The
skilled man by sinple experinent will be able to determ ne suitable |engths
and nunbetainless stgst, deild pleelsnicksl ORROPRSRr ti cul ar application. A spider may be
flexible or rigid. The shape and nechani cal properties of the spiders in
the anode structure nay be the sane as or different fromthe shape and
mechani cal properties of the spiders in the cathode structure. For exanple,
relatively non-springy spiders with short |l egs are often preferred in the
anode structure and relatively springy spiders with long |legs are preferred
in the cathode structure. .. The use of spring-|loaded spiders, at |east at
t he cat hode plate, enables the el ectrode structures to be spring-|loaded to
achi eve zero gap operation with optinumpressure to mnim se risk of
separator/el ectrode damage. By "zero gap", we nean that there is
substantially no gap between the el ectroconductive plate of the each

el ectrode structure and the adjacent separator, i.e. so that adjacent

el ectroconductive plates are in use only separated by the thickness of the
separator. WO 00168463 _g O 3 NOV 2003 PCTI GB00O/ 01645 Where the separator
is a nmenbrane; spring-|oaded spiders provide nore uniform support for the
menbrane across a | arger area hence reduci ng novenent which could lead to
damage of the nenbrane by, for exanple, folding, abrasion or the onset of
winkles. A spider is preferably nade fromthe sane netal as the
electrically conductive plate with which it is in electrical contact.
Typically, a spider is welded to the electrically conductive plate with
which it is in electrical contact. A spider may be attached to the post by
met hods known in the art, for exanple by welding, screwfixing or push-fit
connectors. The | egs of each spider may radiate froma central portion for
use in attaching the spider to a post or, in sone circunstances, directly
to an apex of the associated projection. The spider |egs may be

equi angul arly spaced. According to a further aspect of the present
invention there is provided a spider



for use in an electrode structure which spider is electroconductively
attached to an electrically-conductive nenber and to an electrically
conductive plate such that current distribution to the el ect QilH0V y2003
conductive plate is inproved. According to yet another aspect of the

i nvention t e0euss6provi ded an anode or cat hode assenbly cdaGVGRIOAGE4aN
electrically conductive plate having attached to one face thereof a
plurality of current-distributing spiderss each conprising a portion for
attachnent, in use, to. a pan and a nunber of |egs radiating fromthe
attachnment portion whereby electrical current supply to the plate takes
pl ace t hrough the b I :

cat hode assenbly tznggl ri%fﬁcéﬁ}?%%&gertﬁﬂgﬁ{ﬁﬁlg g&?ggﬁfee%ﬁgmw%ﬁ%ﬂgg%él I
conpar t memse drbrimsdidcaolysid itrwillbeetiarf dectroraaliptically activeepating. of t he

el ectrically conductive plate or replacenent of any el ectrocatal ytic
coating thereon. 0 3 NOV 2(~3 WD 00168463 -9 PCT/ GB00101645 Where the
post is provided wiThe slectitallfBdndGdtiveipfite mhy haVe ¥nyPRithBlE sthRurddsVheigdatir t h an
insul ating cap on the end thereof adjacent the separator. \Were the

el ect r ode e gy describedgFheprecies siructieg \smet ¢ritisalpan t her eof nmay be bonded
back to back to the pan of an el ectrode structure which is a cathode
structure such that the inwardly projecting projections in the pan of the
anode structure matkh wideh thaheheo ptassurel | applisdojoethi i sapargton pesifionad beomeenhthe pan

of the cathode structure to form.a bipolar unit. Accordi to a.further
aspect of e?‘?‘fgmﬁﬁéés@ﬂ uci“ﬁ?/@ﬁfelso‘ﬁm adfpcert q?esc.trﬁfl%gmgﬁesdn@i "E}B‘F| ¥ AGAT n%?eﬁhéi n
the pan ofpréfnEho&itioddEapplibdiedelyethd el daltcdnBudiDEpiRleds fidterdblly AALHIEN Whi ch
is an anode structure is bonded to the pan of an ePectrode structure
according to the present invention which is a cathode structure such that
the i nwardly, project] j.eCcl i n of.the anode. structure.mte
W th the outvar dl v et B Blci@Rgn vt A8nBAIeR! i e BRRARA R dhhE R

st ruct ur e tban tlectrcallylmiopdictive mamnber such thitehdprpiedtivhs provide aneg tltentfetdpbdihn

present invention the electrode structures are pressed or bonded together,
pref er abl YB§° HBPYVHS, cwawedlﬁrlg’f“&wrwaﬁe eeaolcs@%w lo¥isE v Hltpes.JAWRT PO

el ectri calcoaQuth@idn dnd 16HEL PR @Rd bRErdH-SBaMgIREESSES I N the pans thereof.
A, plurality of such bipolar units interspersed wth appropriate

separators, gaskets and pressing neans may be assenbled to forma
filter-press bipol ar el ectrol ysegr...Accordi ng to.a,yet fuyrth aspect. of the
present invention tp{ger %m%egﬁ%nr%l\l/l edc’lslﬁﬁgﬁcﬁs -gpfggag%pgcgﬁgpﬂgf%te% %gr

whi ch conpini 6 €igst alirectiod & indi Girédtiout trangveiaphe A€ diRdctioh. MeaSprefergdlpiteol ar
unit nmounted on a nounting frane ‘?nd assenbl ed in series both mechanically

and el ect rRTRIEFHQRs aresymmeticatly spageq aparthEqr ekHBPlR, thaymay bgifpacsd apagt by, isiaye!

gg'ogs accodigkansk ihQ firfiifetid) 8hd SaR&Fipatibyall @ BRGHLe, WRMEMdy ¥ the sathe3inNOV
a direction transverse, for example substantially at right angles, to the first direction. Preferably

the spacing apart of the projections is the same in both directions.

The projections in the dished recess may have a variety of shapes, for example
dome, bowl, conical or preferably frusto-conical. As examples of methods of forming the
projections may be mentioned inter alia vacuum forming, explosion forming, pressing or

preferably by the application of a suitably shaped tool to the opposite surface of the recess.

There are typically about 20 - 200, preferably 40 - 100 projections/metre? on the
dished recess of the pan of the electrode structure.



WO 001 68463 PCT/ GB00/ 01645 -10 By 'current distributing neans' is neant
systens, nornmally attached to the inside of the end franes of the

el ectrol yser nounting frane, designed to carry current from gjfé)%mqer source
such as cellroom power feeder cables or busbars to the pans ™N9¥ 2083 i nal
el ectrodes of a filter press electrolyser or the outside pa end
modul es of WA ar gl ectrol yser, guch that the currenPPE@g%?@Ig&/enl y
distributed over all the electrical contact points on these pans. Typically
current distributing nmeans can be singbe plates or systens of plates cables
or wires nmade from conductive netals. Optionally, they may be fitted with
conductivity enhancing coatings, attachnents or devices to inprove the

el ectrical connectTipmhe@t ¥R brbiBRichsFr618 tHe plting bf the dishBdred®ss Rty Iorcbxhmpleend
el ectrode. Alternatively, especially in a filter press electrolyser, the

t ermi nal belietheranted nhyms erefarhin hrdrems)dependingresthe depthof thgrnaantheglistangebut i ng

; . ' . . :
means. wni Sl ot LG 0 CPRCREES R HALL Bl velt150 () (S Ll O
i nvol ves meferablye’20tmes Thoéimensiaisas theabnirode stectureiml thy direaiontolf eurioait flow t o
the t f the el ectrol d f . th I bei -

el oct 11 caf't Brererehlit B 889 1-6 En Ay Brdhe gleqtRelly SoReTTEPIA dy fhgbese

hori zont ajf tie AR Eh ofdbtSto Bi%'i/ide AhorQfreRPothOWhich EnsBtedsh Vol tygRlropsliR tHe elethsdee t he
copper plates are intended to conneCt to a pan which is part of an anode

st ruct ur estructues/withgut ithe st of elaborate burcaphehmmyingudsvises war dl y proj ect i ng
projections or conductive posts which mate with the inwardly projecting
proj ections of the anode. At the other end of the electrolyser , where the

copper plates are TRé gleetgtallyCon@fiOE ineinBerd o Whidh WY €lctiicallyabhd@tivaplad hode
structure, they may be flat or they may be fitted wth inwardly projecting
pr oj ect i okslegkpeandietivelygtiashed Hbthéﬁéﬁ%ﬂdélsvu%jp&fﬁrﬁh@ COPBFIEE PPShs of the
cathode. Optionally the copper plates of the current distributing nmeans may
be fitted with conductivity enhancing coatings or devices to inprove

el ectrical contact Wherditht elzctpiasilysfontimtive membentdeviich thetelacicaliyreonductivaal

el-ectrodes, in the fi.lter-press bipolar electrolyser cor.di ng,to th

present i ROEAT ?tgﬁh lﬁ’fnetﬁ%lgﬁw 028955??5 1s§feegt&c?lbd% ??tﬁcgﬁ’uﬁ“égwﬁ‘%éyo?faleﬁ‘g“% o the
present i BapattibRn th8fsked REess 0 €hd PACHS st bf thedGieintlpativag betveehtheent
invention provides the ends of a bipolar electrolyser it may be provided

wi t h neansle¢toieallyeennfvaiive plags and thonpnanaytba arinimisedror 0 3 NOV 2003 WO

00/ 68463 -11 PCTI GB0OOl 01645 exanpl e, this nmeans may conprise a projection
which is suitably shaped for attachnent to a bus-bar when the el ectrode
structure i s assenbVidle thatwvdaspos isaaide of itadam off y#pallogithereoftand theicathede-posess

bi pol ar el ectyolys accoy di to the present jnvention conprises.up o 300

bi pol ar uff ’P%‘{e ‘Wéﬁﬁé o gn ?ME%EM&}‘? Gﬁﬂg Pgﬁ"ﬁ §£°ﬁ%ff‘@%\??r_§¢“§té‘éﬂr?aﬁvﬁyép{°§g%s s

bi pol ar - elRCHRIIUSRESs PFbRAEl BikatePthah Ghdle8SE B theVISHitD LB Pithivay t he

skilled man. Modul'ar bipol ar” el ectrolysers are known, for exanple as

descri bed tiroughshd arde pgs Prefarblysherateaf, trriengthvotibe electoicgiy eondestive PRk er s

have the %%\éggq{[ H9E3 c;dlé %%st%o {}gﬁrgm%?%reﬁ:gt%kéﬂﬁ' clogagztive pathway through the anode
post is at least 2: 1, preferably at least 4:1 and more preferably at least 7:1. Typically the ratio

is at least 10:1.

The length of the posts depends on the electrolyser design and whether the post
is associated with an anode plate or a cathode plate. Typically the post length may be in the
range of 0 to 10 cm, preferably 0 to 4 cm. Where the length is zero, it will be understood that
the invention envisages a modified arrangement in which the electrically conductive plate, when
intended to function as an anode plate , may be directly electrically connected to the associated

pan or alternatively connected thereto through a current carrier as defined below.



is applied thereto than to conventional bipolar electrolysers since the

| oad is needed to produce only electrical contact between adjacent nodul es
not the sealing of each cell in the electrolyses. Use of a 'ﬁﬁfﬁ
conpressive | oad elimnates the need for massive end-pl ates NG LB at ed
conpr essi on ¥QWEHE. Furthernore, the use of nodul es facil iRGVEROPYUA t he
fabrication/assenbly and the nai ntenance of a bipolar electrolyses. US
4,108, 752 descri bes a nodul ar bi polar €fectrol yses conprising a plurality
of renovabl e nodul es. Each nodul e conprises a pair of matching pans, each
pan having a di shed recess and a peripheral flange surrounding the recess,

the pans being COﬂrWﬁéredmet@@ﬁéah?fcoﬁ&fcﬁWﬁhéﬁbérg té@vhidA@hd di8iHedlyeaductibat the
recess of each pan faces that of the connected pan. A general Iyy pl anar

separ at or Hlaies e attashedy ageinnibe rforn eofpposts. exthe posic iss preferatiy eprorddedamitht se

corresponcy"]ﬂgn o Sk the. s fi afirst structure and the
recess of ‘the of e{rs} eﬁghgff’ ngé;%la OP ﬁ:gé gﬁ’ggg?@ %e“g*?‘as eg?m?l ecogé!bczlygiaféfe%agfagﬁe a
second st rngltiepoint dlequiiah@ontedtethtrewitk. Pref@aisly tthe nuerend-daiidy Rag ndtinewgkdr e
parallel to the plane of the separator and electrically and structurally
connect ed TR BPF’Q%%ﬁdeﬁﬁe‘g‘ﬁrf?’ OBV eriSnsF AT 2 " 1Pides 041 somergiEcupisiaeasy it
filter-prasenagsd thet eSSt @éﬁé‘dﬁ%h@%ﬂ$ &Jaa%itpsut%sﬂ%lé[?%ké Fof itk l1§n

nmodul es such that the planar exterior surfaces of the pans are paral’l'el. At
| east one theifase ofanrmedsistrueiugitbe anew of each fnwasdly diresterbpreftctivet msyetre datically pan

surfaces q t I ch that th | anar terior surfaces of the
: p;ns are p%?g%teglqgglﬁcfn@%\%gﬁg’ﬁﬂgf?ﬁcﬂe cgmﬁb?f afg%?‘é‘éﬁ'éég’@ﬁMMS when

t he nodul es are conpressed together the conductive strips are sandw ched

t herebetween to establish a positive electrical contact between adjoining
cell's at a plural it yhegoysiphesspides imcwsases Hronugetss and distributionl of eurtent fegd
modul ar- bi pdiddo e &Rl SluGIE Plate Shedle fin %Zé agregfﬁi%g?t?c;n l%é@ﬁ)n b oty U €3
each having a bottom side extending in a plane paralle op angs i net udi ng
an anode avedtage araltpowdeconIiaptanadd langet lifabhisgaramreasbganmtiedodiyiga menbr ane
and both the anode and the cathode have a plurality of perforated and
unperforated sections arranged in parallel. A netallic framework pattern

reinforcenent is poBldieqfkdf helepeand tecmuaiter themidd of thdite SWkeré BREIeSH' f ace
of the bottom side of one structure and between the cat hode and an adj acent

i nner  sur fRIESENbMAY FaNLWithin Wids ity Typically,thsspidsr pentaing betweenc ancatd0 legsi p i s

attached t : t |

Strips. of Aol bAbertE eS8 106, FERPaI okt ied B S, i ShE 20 O A60e,
means for mreferablyttietweer doim arfd 100 enne tunp sTHe skilled prantoy sirfyste emjetiinkhtorill be able

rei nforcengnt. and the erforated, sectiops.in the in the electrode in the
attached s&orc{%ef’ﬁng .S‘m}?bgg?’ﬁﬂ{si% nRRES 9 %"%ﬂ"@ﬁgg‘r PEPREICHIE PRI and t he
cat hode in each of the nodul es and gasket neans seal the structures to the
menbrane. Wiere an electrolyser is assenbled by lining up a plurality of
such nmodul es with tAsPisietimay by flexibletos rigid Fine ghapeaind euechanical prapatties ofithect

bet ween adj] | I el.ectrjgcall anduct i ng _cont act
otripe, veTaes i EbMESalchy ERRURE e Uk UEp UAE-BLEDy e FRRCHR R eRBE: < on
whi ch t he ploperties afethé spideemidulet dathedphtaioase.doe examipleadlatively hon-SprixplyTsplliers
structures ording tq the_.present invention are in the formof

| oad- bear i Wgﬁ glboﬁqggsgmrfgiﬂﬁ P’iff%ﬁg ma’ﬂmaF SFuchyro,Mdselalively: spripey seiders Riith leng
prepared flepsng pedferfddas tHeRaBodd sttusiurt €S- Such a nodule is easy to assenble

and is particularly easy to nount and co-locate, with other nodul es on an
el ectrol yser frame. Good el ectrical connection between one nodul e and the

next is particul arl i | i.eved. The percent age, of . nbrang ar.ea
under goi ng el éctr ol ?s‘iggggi gyﬁg'lg?dgﬁiSPfc@ghtaﬁFaf%tr%ﬁecﬂ&’egﬁﬁ’ngart%dmﬁﬁeimﬁm
nmodul ar  deelegnsle séaameshiong spinglopdedite bitaevedBROEHD dPerdtins withpahiund préssitd On
there is provided a . .nmodule for use in a nodul ar bipol ar el ectrolyser
conpri si ng™® TRBIHER B?‘ZB seppzptey/elecipdy damagepBy (3500 WaRb 4%e apeaanthah digee is
structure s@RRkfialyH ghp derdedd @t e{!c&&oadgdﬁlegﬂter&ﬁﬁééacﬁpﬁéc@%ie'sﬁﬁ&ﬁre%aw the
peri phery thereof, (ii) an anode plate which, optionally has an

el ect r ocat adigeentsgpargton e isg thatadjacens electtaconductiveplates apptin vseainlyysepanated ibgitig a
plurality gf .electtically-conductive | oad-bearing nmenbers to which the
anode is e e%@re%cog%ﬂ lfgll’ﬁféégﬁ-y attached, providing electrically-conductive
pat hways between the pan and the anode plate, (iv) an inlet for |iquor and
(v) an outlet for fluids; b) a cathode structure conprising (i) a pan with
a dished recess and a flange around the periphery thereof, (ii) a cathode
pl ate which, optionally has an electrocatalytically active surface, (iii) a
plurality of electrically-conductive | oad-bearing nmenbers to which the
cathode is el ectroconductively attached and which provide

. N T I




It will be appreciated that by the inclusion of one or nore bipolar units
of this invention, together with associ ated gaskets and separators, between
t he anode structure and cathode structure of a nodule of thi iaimienti on, '
and using simlar nmeans to apply pressure to hernetically seal ¥ 2003

separ at ors woovbsd6yasket s and the gaskets to the el ectrode PEIIGROO/OT6ES, |t
IS 0 3 NOv 2003 WD 001 68463 -14 PCTI GB00101645 possible to create a
"hybrid nodul e which contains two or npre anode structures and two or nore
cathode structures with two or nore separators. It should be understood
that the creation of hybrid nodules is within the scope of our invention.

One benefit of th 4 [ i reduced, nunhers of liftin
operations are reg’mw% e\c/j\feggél r%’k fs ﬁelﬁ%r%%}%cf Mg gglﬂ?/c}e? n‘ﬁ%‘ﬁfm&deﬁ(’ée B’él?qrfnoom

| eadi ng tsappedfoe etk merhbiayie htrdksa larndr hres Rerkt eaiucBigEABMEAVRAitIBouldlead to

el ectrode,  strucfure or nodul e repl acepment during mai ntenance or overhaul s.
The rreansd%g%B{)‘F‘S NG Ry ?‘8 exBPlgfolding: abrgsing pritheioasat piwiakles. t he
separator thereto in the nodule is preferably provided by bolts through
holes in the flanges. However, we do not exclude the possibility that

al ternative neans Acpalepisyprpfesbhunadentagm e sasrednetilfrniee ¢lémrically conductive

el ectrical,l -c&n%égi ve. | gag-.cgjeari ng posts in the nodule are provided with
current cAPTARSich it isin slsctncal eantack 2y provided with an insul ating cap
and nore preferably a matching hole is formed in the electrically
conductive plate, particularly where the electrically conductive plate is
in the formof a nb¥Mcaliyne pridé iynyelded tegheleatricallyfcondustive platetveithavkich itiical | y
conduct i Vg Jpleftcsl dopfact Nsul ating cap is preferably in the formof a cushion.
According to a turther preferred aspect of the present invention there is

provi ded a nodul ar bi pol ar el ectrol yses which conprises one or nore nodules: :

assenbl ed on a nmountin frag in sg%&s both nechanical |y and electrically;

and current di striOuPiGRIEYheatacke fi Pefi by srethods kapwe i e g for example

char act er byp®elding, dchaw-fikhy SrRRls-G6coihsetfRdul es according to the preferred
aspect of the present , invention. Electrically-insulating,

| oad-transferring cushions are preferably di sposed at the ends of the

el ectrically-condugij ri ts adjacent the_electricall
conductive plate |#’% %gs Jr)rfg%gﬁ‘ gP?‘?%?“% Irgér%ﬁ%ﬁ%rgtérccw\r/%é’gmgﬂ EBME Wﬁh‘?‘%“’tgyﬁlée
present i spidentd aposeoiglin sohrroircifigamRes diredlyto hvaskxEand HociAdd friRctndenof t he

osts adjacent the electricall conductive plate in the filter-press
P : sp(i\c?crsegs may%c cquiangularl})'/ spaced. P P

According to a further aspect of the present invention there is provided a spider
for use in an electrode structure which spider is electroconductively attached to an
electrically-conductive member and to an electrically conductive plate such that current

distribution to the electrically conductive plate is improved.

According to yet another aspect of the invention there is provided an anode or
cathode assembly comprising an electrically conductive plate having attached to one face thereof
a plurality of current-distributing spiders each comprising a portion for attachment, in use, to
a pan ahd a number of legs radiating from the attachment portion whereby electrical current
supply to the plate takes place through the such legs. Such an arrangement enables the anode or
cathode assembly to be readily welded or otherwise secured within a cell compartment or
module and removed for example for repair of the electrically conductive plate or replacement

of any electrocatalytic coating thereon.



WO 001 68463 -15 0 3 NOV 2003 PCTI GB00/ 01645 bi pol ar el ectrol yser according
to the present invention. Such insulating cushions prevent nechani cal
damage to the nenbrane and, since electrolysis does not occur at these

poi nts, the menbrane does not suffer fromany electrolysis dafeN)y. 288ch

i nsul ating [ may be made from a non-conductive mater i's
resi st ant tg&&@éﬁgﬁem cal environnent within the cell, eg f uorl¥)&g}o0 y?rers
such as PTFE, FEP, PFA, polypropyl ene, CPVC and fl uoroel astoneric rubbers.
The cushions may be provided on net al sPuds which are | ocated between the
posts and the electrically conductive plate with the cushion presented
towards the separator or nenbrane. In the nodul ar bipolar electrolyser
according to the pMsetheipostésprovided with e icaireny carigr, i may be furthér moridddesith t he
recessed h the a e arid the recessed dish of the
cat hode pglﬁﬁlo‘fngtmﬁg ago ﬁfmrﬁ@ﬁ'ﬁf)é @?cgmdtﬁﬁéipﬁa&il ly joined) preferably at
the apices of the projections. Electrical .conductivity between adjacent
nodul es i n the nodul ar hi pol ar electrolyser may be achi eved by the use of
i nt erconnectors or 'BREE theglselodsystryeturedgan angfestacius thepan theaohmey bakanded nt
modul es.  BLACH:6RYo BTG TaK]dlotuBEl WRRMEWrAGATL JROM SRcRY % GR'iRNCed
by the provision of conductivity-enhancing nateria

conduct i virtwardip h:m]ectng ;ﬁ@}dcnens inntht pan ot tler arde fsﬁmc&uxefrnaidslmma}nsoum:dly

Conauct | v Dbt of DR G ot “Grete Suvakit o FRpesbpnn |

hi gh-conductivity netal, eg silver or gold. ., Preferabl y
el ectroconductivity- enhanci ng devices are used to inprove electrical
conductivity bet weekcaninglontiumngaspsst of fe passaniihesstiod there is provxded a bipolar

el ectroco JEAL.

el ectri ca%%%:hg%c# eﬁJ\%gaog% rgg ‘lg? sg'%R'I% chgr i q {‘copr? 78 lé‘n%n&mn thh 18 an

expl osi o nabmi%dﬂ'dctmieécbdsnded kd thhe pmnd{mteilewodn sttttel acevrdih@iodhe present invention

el ectrocon tjve t devi ces, vvasher or preferahly

el ect rOcor’fﬂ'ﬁ‘gi is\Fec SUH&R‘z‘fec%‘g ;Qbag %’&WP’@XBPJ% P&H’@J%leﬁl @ the Pehef B8 f ace
of- the pangodysthithirt 5at® rw:m the raﬁtma%& oje@tﬂ:y@og&ﬁdidscﬁll 1 pahl DE L daftidde
coating thereon, eg WO 001 68463 - 003 PCT/ GB00/ 01645 an oxi de
| ayer, ané@%weé@fqmblpphhmtt formati on of an insulating |ayer between
the device and the surface of the pan According to a further aspect of the
present invention there is provided an el ectroconductive netal device
adapted to (a) abr adeh@bipahﬁﬁmeact:d&mngw tha peeseit ihVeati MRS cledtradd strudigreOdre

biting thr ough any cgéect rical Ify i nsul ating coating thereon, n oxi de
| ayer, and$SEd o5bondeddoesthng: n5eierably hyavelding. anore preferrbly bt exp Slpﬁg‘é'}dlfiﬁeﬁ

the devi cenaRfbcirias SR gn&fe bER?eeH Hﬁa%d&é’s“eé thégz{n Skerddrt 0 for

conveni ence as "abrasion device"). e abrasion eV| e Is provided with one
or nore projections. As an exarrpl e of an abrasion device.nmay be nentioned a

star-washer, eg pr t.ions Pre

abr asi on deV| ceis )érpgtgglbtgg% %ﬁ p??gafhwgsl%tetsﬁ%fﬁe &\a‘gpapé%tﬁegﬁrgtorﬁ, lga‘%kgsoften

pr ef er r ed, antl pressing hteahe mlay H¢ akdembley tdﬂfmrmmﬁgmbbmom eladirotysect r ol yser,

that the abrasion device is provided with at |east three projections.

Preferably such projections are provided on both sides of the abrasion

Qevice. | an abrasi ONAURKHAR b3 bt SlrBleP Qiptcr bARO BRert nviidd WBtel Yrd¥ih 3° 1 N9
filter-press bipolar electrolyser which comprises

a) current distributing means; and

b) at least one bipolar unit mounted on a mounting frame and assembled in series both
mechanically and electrically ,

characterised in that the bipolar units are bipolar units according to the further aspect of the

present invention.



the dished recess in the pan of an anode structure to provide electrical
contact between the pan and the mating outwardly projecting projection in
the di shed recess on the pan of a cathode structure. Preferg@dlygyabgsasi on -
devices are provided in each inwardly projecting projection in the anode.
The abr asi ogvelevgsses may be nmade of an el ectrically conductipmeEr/cBocoisesl
which is hard enough to cut into at | east one of the pans of the el ectrodes
structure, particularly a titanium anqqﬁ,_ to pierce any oxide coating

t hereon. As exanples of suitable netals fromwhich such abrasi 6n devices
may be prepared may be nentioned inter alia carbon steel, nickel, nickel

alloy or preferably g berylli.um copper . alloy. The abrasi on deyice pay be
attached to the ané?’e?"rfe ?lcli‘g}?g‘ﬁﬂﬁérpeﬂ?s é%wﬁilwaﬁewoam 2 gfﬂvﬁ?ﬁhﬁﬁlslqsi ng a
netal |ic, ofthe Bhd fadlds oPheeREGEIYer midGhkirg fHoe Ht%i%n%%% tRANG AR EB drl 1S

free to rotate at least to a lImted extent. NOV "2003 \_/\DOOI 8463
PCTI GBOO/ sougassuch gy catlyeom powst isedereableser busbpnsaé thegiahsof the tasmtinad elecwodes can

mventt onool P pESE SRLE P IRERA LB ed RV et R8O R e use

of the vasudchubiawcthpeatrenttfbelie @benlyndistibaied aldsallithagpticdiconast psigtsni thae
el ectrolysis. The nunber Qf podules and bipolar units in bipolar

el ect r ol yB&#ss THRICHFEent Bistrivating means can be single platenior pystransofcrlates Bblesins
ski |l ed Mfireb haliéiorhicBiMuckbe btheIOptohdlyt ‘ LQs

avai l abl e pgyvera an?:l \fo tuét:gee and céjr%t al g’@%n@?ﬁﬁ%@%%%ﬁ%%%\é%%ﬁ?ed
man. Typi eeatings, aftaghaiemts or ideyiodsate impenyerted gls@rical coonatting betwéenethp cagemt

i nvention | -3 nodul es.., The fi.lter-press .and.,t he nodul ar, bi pol ar
el ectrol ysc,l fe\sg{sg&gdég%}%g?sna@gt%}@e einﬁgiefﬁc’élg' e“?ai‘f\‘;gﬁ’teisg?ﬁ“%@)}n Bgmﬁf)@’ieéf ctrglyser,

pr essur es theierakial Blecdits Gy bePfenhbhentlpRtdacBed @ the @h@ﬁxeai@tbibmih%trﬂ&ﬁa f20 and
150 kPa (500 and 1500 nbar). An inlet-tube is provided at the bottom of the
el ect r ode e¥3RRIE Y Melding.ef er abl y ext endi ng from one side thereof to the
other, to allow liquor to be charged thereto. For exanple, where the
nodul ar bi polar electrolyser is to be used for brine electrolysis
inlet-tubes all ow conespreferredfdn® of barape distributidpemeais vhikh i paricularle uasrd #r i ne
to be charge 0,the .anode structyre. Preferably liquor, is fed to the

Dl et - t und o oSS Bpion S 2 ser s bokpeLplaied Memin: viratally fsgn e

pr ef er abl wogémitsliteitap bf the eRcirdpic@ ¥ frifid| Othe coppBslatdh Bdihg BleLi-RMIARAIRADy! he
el ectrode structure. Preferably the ports are forned such that where a

baf f | e; adlleing epimeeted gbthe betipmyo asingle bewzontal copney busbari Attone ead of theode
structure JJj | fr ' tkts s . directed into,the

recircul ate!leﬁg&g%err gﬂgrﬁ’n%ggh%fggleg p%/ﬁl%}%séggﬁt?ng&oﬁ%n%ﬁtt %B?nowglcgf‘s PHLOLAG, ¢ 5
are such tanede ptr@swray ehegirmagy dovited with Bdrductivebeutivardly Biojctig . projet¥drid0d68463

conductive posts which mate with the inwardly projecting projections of the anode. At the other

end of the electrolyser , where the copper plates are intended to connect to an pan which is part
of a cathode structure, they may be flat or they may be fitted with inwardly projecting
projections which mate with the outwardly projecting projections of the cathode. Optionally the
copper plates of the current distributing means may be fitted with conductivity enhancing
coatings or devices to improve electrical contact with the pan of the electrode structure.

- The terminal electrodes in the filter-press bipolar electrolyser according to the

present invention preferably comprise electrode structures according to the present invention.

Where the electrode structure according to the present invention provides the ends

of a bipolar electrolyser it may be provided with means for feeding electric power thereto. For



-18 0 3 NOV 2003 PCT/ GB00/ 01645 The nunber of ports in the inlet-tube for
any particular application may be readily cal cul ated by the skilled man.
Typically, there are about 2 -10, preferably about 6, portsugppquhﬁe of
the inlet-tube. Typically each port is of about 1 - 3 nmdianeter,
preferably éBGUnggﬁn1dianeter; The suppl y-tube through whi REF/EBWPHSi s
supplied to the inlet-tube is nmade of a non-conducting material and may be
inserted into an inlet-tube to any deptli,- e.g. until it alnbost reaches the
dead-end of the inlet-tube. In bipolar electrolysers the increased | ength
of the non-conductive supply-tube increases the length of the Iiquor

pat hway bekamele, G mSarsindynom@hiecd Hro]ey S wileE Quit & Shdpdd khies £t
darmage to the el ectrolléser b%/ | eakage-current corrosion. The inlet-tubes

are converhUSTEr Yhemie elgetradg straciyre isasseanbles| intggn elestrellysast r ode structures they
feed. For exanple, where the anode is made of titaniumor an alloy thereof
the inlet-tube to the anode is preferably made of titaniumor an all oy

t hereof and where t ypicatly,theifiitar-presseispolafelairclysdr a0dording 8 tHe)résbrigRintibhe
inlet-tube to the cabB@g,e bzmgr ef erably made of ni ckeF or an alloy thereof.
As exanpl ESTBFISE R QPR OPAGRMEBNduct i ng material s from which the

suppl y-tube may be prepared nmay be nentioned fluoropol ynmers such as PTFE,
FEP and PFA. The presence of the electrically conductive plates) spaced
apart from each ot hieatsytotpnevideespoad tohermetically asal dilee-tpreab Pipiotar alee@olysers
nodul ar a I r hi .ar ectrodes..Spent |iquor and product gas
are di schgagaéggin%ﬁé#tﬁ%glgluéceglrl%aaég%wvﬂlctf’gl?eemtlﬁﬁ%h . agas/liquid exit
system conprising an exit slot, an outlet header in which gas/liquid
separation occurs a@% @n exit port. Damage to the seﬁgat or_caused by
formati on of a gas Yodwar Yipplarelasirolyprss we kagvm: fr examplecs dpgsaibed Bgi on of t he

el ectrol ysus 4308752 andUs 4gaal7d.educed, and often elim nated, by the
provi sion of the outlet header in the non-electrolysis area above the

el ectrolysis area in the electrode structure. 0 3 NOV 2(~3 WO 00l 68463
PCT/ GB0O/ 01645 -19 t.he.exit, system. th s/liquid mxture flows
upwardly fromthe et‘@g&‘lﬂgk{l@??eﬁégeﬁﬁ‘?ﬁfgﬁg@ﬁm@&q%tﬁwg PRV ISETRTasHKe l°a§

el ect r ol ysietppliediRidtothah 6 dofteRtiérlaEbiplhd e@éctr&?_ﬁ@'@iinqeﬁﬂ@ldi@% Reeddd ttor}ﬁoﬁ?cfibt
slot, which rans al oq?rg%csubstant_l ally the entire wdth of the el ectrode

. y
struct ur e, O Fiectieal contackbetyeeniadiacent madulestot the ssaling pfeach celbinthesiectabdyse. t v,

el ectrode r aase § L spersed a

ubbl e | o St SORAE AN pd il idhe b9 BRI G ol BREpSFLatS

typi cal | y cobwnessiSn syside Fyrthefnerg theyusabfrnidduled faciliif8s bdih thedatiichtictaskdibly

el ectrode str.uct u{f"ﬁ i e }h% di stlant;cgﬁz bet ween the di shed recess and the

el ect rode PrAPEMARRDLEOf fPIRIAGCIRTSAFe separates out rapidly in the outl et
header, which runs along substantially the entire width of the el ectrode
structure. The cross-sectional area of the outlet header will be chosen in
the light of inter HSi4%al0B62 deseriteme modwlet hipolarailestrolysercomprisingracdlurtityafat ur e

e e SpSLISRP RISl 9P U e 00 SRR o
recess and a peripheral flange surrounding the recess, the pans being connected together
peripherally at the flanges such that the recess of each pan faces that of the connected pan. A
generally planar separator is positioned between the pans. The recess of one pan and the
corresponding planar side of the separator define a first structure and the recess of the other pan
and the opposite side of the separator define a second structure. A planar electrode is positioned
within each structure parallel to the plane of the separator and electrically and structurally
connected to the corresponding pan, for example by posts. The bipolar filter-press electrolyser
is assembled by aligning a plurality of the modules such that the planar exterior surfaces of the

pans are parallel. At least one multi-contact conductive strip is interposed between facing pan

surfaces of adjacent modules such that the planar exterior surfaces of the pans are parallel and



The gas and liquid streans | eave the outl et header through one or nore exit
ports, preferably one exit port, nore preferably disposed at one end

t hereof . The cross-sectional area of the exit port will "be chosen in the
light of inter alia the current density, electrode area an% Eﬁ?q&ﬁture
such that annular filmgas/liquid downflow through the exit Mth a
liquid fil MVEAY$44€> wal | and a central gas core is preferablBETHERGO4E. The
gas/liquid exit system descri bed above has the advantage that the | ow
pressure drop avoi ds depressing the gad2l-i quor interface into the

el ectrolysis area of the el ectrode system consequently elimnating danage
to the separator caused by the formati on of a gas space adjacent the

separ at orwhen thetoduisere dofiir@Bedabgdther thé bV Sirps AfeE@ndwichet hbber@Eipant age
ujd exit systemis the mninisation of pressure fluctuations

of the gas/li 4 )

whi ch cau® éstbﬂ%?@aﬂnufaﬁa@@cz#@om@ betweenadioinipg cells abs plyrality of paiwnt act wit h
the electrode plate. The liquid filmon the wall of the exit tube provides
a yet further advantage by increasing the resistance of. the |iquor pathway
bet ween cells in tBR4S66ET0 ddsyriters ahnodide foedmddlngxr_bipelape&sﬁ&lyédrbm%h@amge
to the el ctr.olg:¥9ser b}( | eaka e-cur{lgfr;t, corrosi on, 0.3 NOv 2003 )

001 68463 LSBETIESH6F BIGHEICHResash Bpwipg a dodom side wxiendiae in #plape pasallel to

i nvent i orplardel BicBamk lah dikd i 0 [ r t

structurerp pr ovi dedéaa%lgiacgggabg%%tﬂfditgﬁ§hl?oﬁggg%?iﬁ?%&v%%a%ﬁdﬁﬁgqg ectrode
st r uct ur eandeéh theerods! @3esh@¢ath¢® lave 2 flealiyrofiperfaratedpand noiperfaretad seetond t he

back of the A v healk direction of .the electrode structure. The
back plate |génglgrﬁg: g fﬁjg{?&‘"’é@" Lﬂke“gxgl F vevglgc %%‘FBH?HI QIGPIPIt Y PofEOEd hetvren e pan
in the dianeddindan adjateneinatrantiiede tiebdt@mBidetE chORnBhAé dWertddf tR\¢hhSde

header and thr(ﬁg h .a furtherﬁa(g degrees downward to formthe front plate of

t he headdind2pafjaEptipngr surface of the Hottomn sids efibe ptierstaighes: Arpontct spipiaatidched ¢ o
he back gf i . h 90
t he back tgfant AferNGAESS of Jﬂlﬁ 4 Rt ®o ﬁ‘tp%?!e ﬂigaéolx%cpgtppf ﬁg aﬁ;‘ggééxé tcg\[sobgfgr%m

degrees towards the back plate to form ottom ran
t hr ough Sdectrisgieonneated. ddsm prinddéd aye mephsefbreconhedting eachi df the aintachltiipytodlid vel v,

the front_plate .of the exif..slot e a.continuatjon of the front plate
of the ex’ aﬁ%é"c’f%{o.rceﬁenfﬁ‘é& B’St%ﬁg%‘%tegﬁéa&‘? (0 dhegin the, glectroger indhe attached pent

through astfusfurd1@y p&Hitiohe gepdrarResxBiad ibetiedh tielardael afdvehe datHak G ch%?lﬁher)l ate
to formthe top plate of the pan. This topg&late is then bent through a

further 9Boduey wdseasketanenns sealthenstryetures 4o dee olembranep WhereThw electrajyrer i t he

fl ange ef i : ' VeILL L | qui d, fJ.ow pat hway through the
i ol oSS oY e LB ity KR bt BbalASd B ot oA e ookl
Typi cal | ysledttieal baritapt betwieert Adjadenampdules issdnouttd BY t2Qecticalli @oktRic Gl confact he
exit header. The gaskets for sealing the separator between the flanges on

t he pans s]%ﬁpsbi pol ar el ectrolysers according to the present invention, which
may be different in the anode and cathode structures, are nmade from a
suitable material wi th appropriate chem cal resistance and physi cal
properties, eg a pPadeyenoyefpumbiing where the elggicellacondtdive atembesonivdichitae/e a

sui tabl e i i i i St e _.and physi cal operiies a

gasker mede Brpcbiihctie SHEERE Hholiiad i AL RIS P rssblied Bube d5eehe

provi ded inwvértionare irethe foril of loasbeating posts A@bdule 84 aFesiRlar Bipofaf Electrfysdr ban | Nner
y be in the formof a frame, preferably continuous, such

edge. Theb asket, .ma
that when ethRH’angQQé‘t Yeh plectpde suctiresiSuples mefule issrsydo swprblend ispaticdadoad
appl i ed t&gy s ﬁlo\dh@aﬁdh@o-ﬂéﬁlél\ﬁﬁ{ BBkt todfRl bA %nWechBE sHPHLLE E&odthdEhEd:

connec'.c_ion between one module and the next is particularly easily achieved. The percentage of

membrane area undergoing electrolysis is also significantly improved compared to known

modular désigns.

According to a preferred aspect of the present invention there is provided a

module for use in a modular bipolar electrolyser comprising



0 3 NOV 2003 WO 00/68463 PCT/ GB00/ 01645 -21 A gasket is disposed between
t he anode and the separator and between the cathode and the separator. The
frame may in plan be of any configuration capable of hernetically sealing
the separator into the nodule or conpartment. Typically the B3aka i2883of

square or regbapgskar configuration. The cross-section of tger/&samesszay be
of any configuration capable of effecting sealing with the separator; for

instance, it nmay have a circular, triapgular or square cross-section but it
is preferably of rectangular cross-section with the di mension perpendicul ar
to the gasket plane being smaller than the dinmension in the plane of the

gasket. Copveniently the gasket, frane, cr,oss-section jncludes pr ot.r usi on
or nose apﬂﬂmog%@gtgﬁtcwgﬁwn& & pé?lf”i‘tpédﬁg‘_?dl THETT ?ﬂdqar @W@F Aroypd &ﬁé’_‘"ﬂ’hé% f or
engagenenithendfi(if) i 286081k Whicht BRicRARDY h&sarpae&rocaaﬁygcagugéﬁw sma&?gii)

provi ded at the inner and/or outer peri pheré of the frame. The protrusion
or nose mifape optionally cemprising & plyralipeofeigsainaly-sonditctive toadpearing memberetd wit h
t he separ | & : r . u Af | QN .Q...geperally
par - or rcoltien Belndd® sPHECRLAMHARly QULRA Brobilg LBt fonSidive iERERT: o)
each si de betveerdfe pay amd the sppe platee (igpak titet $6r liduat ard@) pii Gditlet fardadHf 't he

gaskets are in _registry with each other and, when conpressed, effect
| ocal i sed bSian‘Ef"mcﬁg sH’flcti{'ﬁemﬁ‘QE‘R‘é@ re'ér‘“o‘?)'ﬁ’i‘dw’tﬂl‘lé dished rpesss apd @rflavge @ingdhket s

Lo preventeseRRARGeS (i) X\ééﬁﬁde ﬁétemhi&gééﬁtitohm%g& gn él@%&&éﬂ@lyaéa%g'aeﬂ& P8

c,
structure of the separator frominsi e el ectrol ysi s conpart ment o
| ocat i ons (BRtaephwality of elsetricdlypronduntive loafHpegrine siegrbenf tayadkebt theasathederis f ound

to be part} . | Ve rey i “wy,cking" of cell |Jiquors

bopeci a1 eEHeRhenR) Bl DR RS Dbt KoRhiodik pbBimys bR o
caused by pahendthesethede phdte,divh biled Faniguodandes)gutler fog Pl ns channel s | eft by
t he di SSOlr?bjtion of sacrjficial conponents therein; or when the electrolysis

conpar t merf? & FEParalRs dispryedetwech theraede plateand the qathede plate syech hpidhe anadpswsee. | n
i ) ; . .
a modi {1 Caf hpen®i ﬁmgm And T8%s D& iD{rQhAE Gnd'dale Mo&&eﬁagx%ggﬁg@lggn

t he opposite side ereof for engagenent wth~ a respective

el-ect r ode byt thec sepamtor whic® thideby? ADBleg\3he (h6@a6 Anto? Bepfacate 26BN 26d Gektholbe
gasket or c]i)r a%gxpremtg; contain holes to acconmopdate sealing bolts, especially
where the gg\lg 7% used in a nodule. \Were the gasket is provided with a

chenm cal rdyghskeambansiséitihg 82 seiRftdrbateten BRVangéd h the PefipHERY okt pieh; aver t he
pi nch-effecting protrusion or, nose. Electrolysers according to the present

i nvent i on SHRFAREO GPRIY Rrestrato thi gaskes mepesto hamnatical)y-sead the sgpmatepyhereto
characterised in that ' _
i) the dished recess of the pan of the anode structure is provided with a plurality of inWardly
projecting projections and the dished récess of the pan of the cathode structure is provided with
a plurality of outwardly projecting projections such that the inwardly projecting projections of
the anode structure of a module mate with the outwardly projecting projections of the cathodé
structure of an adjacent module in a modular bipolar electrolyser comprising a plurality of the
modules; and
ii) optionally one or more bipolar units according to the present invention, preferably with
electrically-conductive load-bearing posts, and associated separators interspersed between the

anode and cathode structures.

It will be appreciated that by the inclusion of one or more bipolar units of this
invention, together with associated gaskets and separators, between the anode structure and
cathode structure of a module of this invention, and using similar means to apply pressure to

hermetically seal the separators to the gaskets and the gaskets to the electrode structures, it is



The separator is preferably a substantially el ectrol yte-inperneable

i on- exchange nenbrane. However, we do not exclude the possibility that it
may be a porous el ectrol yte-perneabl e di aphragm Were the qs]grp@rvag is an
i on- exchange nmenbrane it may be formed from any suitabl e i on-eXchange

menbr ane nRbbissss | on pernsel ective nmenbranes for chl or/ al RGGBIYOHEEICt | on
are well known in the art. The nenbrane is preferably a fluorine-containing
polyneric material containi'ng anionicggroups. Preferably it is an anion
group-contai ning polyner containing all CF and no CH bonds. As exanpl es
of suitable anion groups nmay be nentioned -P03z', -P022', or preferably

-S03 or - .._The, mepbr ane , be. pr J - i = film
It may tﬁé’%ﬁeﬁ? Sregts gﬁb‘%‘gf’wggﬁa‘” 1ﬁ§tc§r§§fvﬁmg Fﬁggfmg}o%a (e)gé)%)tn or%e' a\?\g\%ﬁgrcl ot h
or m Cr Ofere REB oS Atk turds WithR§d St rhore isépaf@yrs e stodd eurdersaod tieit theatdatien des
with a chemcally resistant particulate . coating to inprove wetting and
gas rel eefdwbrifynedalen isiithinghesqors pf oy aveatitt-ace coating is enpl oyed in

chl oral kali applications the surface coating is typically fornmed froma
metal oxide inert to the chemical environnment, eg Zirconia. WO 0QI 68463
-23 0 3 NOV 2003 P@dbeifida0the hgbrdunodii is thatreduced mumberns of lifting efekations are

applications are sold, for exanple, ,upder the tradenanes " pon" by,E | Du
Pont de TREWEHHithip thegperating "',n"‘qg"l“g‘?ﬂt 8ﬂ&‘e t?ﬁlthf'ﬂ@ li@g?ﬁ toﬁ%gé\l%e.ty ek .aX%md
" Aci pl exjesD¥et ity A5 alimtThE FirehletrEe sthdcflire JMBoEEPRPRIES et SuigShiihRnade

€S,
bet ween ad\%3 acent anode plates and cat hode pl ates and t hereby separates the

anode st puetedraglsf rom t he cat hode structure. The anodel cat hode gap is
suitably in the range 3 mnmto zero, preferably 1 nmto zero. Thus where the
anode/ cat hode gap is zero the anodes and cat hodes of the nodule are in
contact with the Shpan&inérto abplyhirgssinarto ehecgasketh yo bermeticpliypseadhevseparator

Sl or | do MY 3 BRPRLIE RGP NBSE L et AT DY TERE O a T
el ectrol ygas: ﬁdlaﬂldsm JsEBilR] that S RARE nRAHEREPpB prédsire HRdySe used. Or i de

solution are discharded fromthe anode structures of the bipolar
el-ectrol yses and hydrogen and al kali netal hydroxide are discharged from

t he cat hode struc es .of .the hipolar.ele ol. : I 4N t he
el ectrode struct u?‘gﬁﬁﬁ?"beée%‘faglﬁcf’%&%‘ée ?%%Egaﬂég §§%s ;(g‘frlﬁ? ﬁggﬁg?‘glp%vf (Ilelld
depend ORyitnt@rrBRchtfiersPdach PEstad ﬁﬂﬁfefa@ly&ﬁreviﬂal With 1 ifsuldtiap yapemhd inford preferably
el ectrolyses. A preferred netal is a filmformng netal, Ear@]tiEI arly where
an aqueoudgnaigiing holmisdormed ‘althé‘eﬂl?mﬁ"é’flhf’°f@ﬁft6’t°ipé?ée’P@P‘E}a’ﬂé‘” frebe et F%@ in
the el ecty ghy3ge la@]? i bk Foin? 6 BYsH D iere B4t HAfe 19 ForfiRl & e blebiBallym
zi rconi um  ni obi Bm antalum or tungsten or an alloy consisting
pri nci paldopdutiveplatecthe insulating caphispeefemablylis therfdmhaf/a eughionodi ¢ pol ari sati on
properties conparable with those of titanium It is preferred to use
titaniumalone or an alloy based on titaniumand having anodi c polarisation
properties conpar aRk&rathg b 4 ARGEr REfekrbd PEABY the plddént dRAGorhére & frasideal
coating of an el ectro-conducting electrocatalytically-active material.
Parti cul s myduler hipalansiearolyser whish campeeass sol ution of an al kali netal
chloride 15 Lo Re g‘lo%ﬁ{ers Oil.s)ﬁeiﬁﬁle% RixSa GRRG A% {rOLerRX YIB! MmeORARRAN GnPNE OF
nore platinum group netals, at 1s

electrically; and

current distribution plates at each end of the electrolyser,
characterised in that the modules are modules according to the preferred aspect of the present

invention.

Electrically-insulating, load-transferring cushions are preferably disposed at the
ends of the electrically-conductive load-bearing posts adjacent the electrically conductive plate
in the modular bipolar electrolyser according to the present invention and, where the posts are

load-bearing, at the ends of the posts adjacent the electrically conductive plate in the filter-press



plati num rhodium iridium ruthenium osm um and pall adi um 0 3 NOv 2003
WO 00/ 68463 PCT/ GB00101645 -24 El ectroconducting

el ectrocatédl ytically-active materials for use as anode coati @gs%d\pf@g

el ectrolyser are well known in the art, for exanple as described i ur EP
0, 052,986, B O/68&3, 934 and EP 0, 129, 374. Any suitabl e nmet s#CTHBWI164S
different fromthe filmform ng netal of the anode may be used for the
cathode plate in the el ectrode structuwg provided, of course, that the
nmetal used for the cathode plate is conductive and is resistant to the
electrolyte used in the electrolytic cell. Preferably the cathode plate is

made of ny; i.C. lay..or__of anot her erial.having an outer
face of nlla %Egll- e%?trﬁyg%ge#%gﬁdﬂlgyﬁ tlt—lg r%)%rétn%l?eeanont & clgf"ﬁ%tﬁ’@ cﬁthg’és agyent
conpri se medensalchmagetdithe merbeine ard,Gincs EREIrol9dis §RPRGT dcc@dbthate St hhd ace
of nickel _or.ni cﬁel al | oﬁy{: etJ\Ii ckel or nickel alloy is preferred on account
of the coPFBRIBRIPeHU suHerdron any electpbysiidamagei n an el ectrol ytic cel |l in
whi ch an aqueous al kali chloride solution is electrolysed and on account -of
the long termlow hydrogen over-voltage of nickel or nickel alloy. The
cathode plate nmay Buch insulating cushipmromasalseemadesframip haeorduetive neagertay which is

grit-blast, ' e plate nmav,be. proyid with an el ect cting
el ectroc a{égﬁ%ﬁ t-(l:;gﬁ? ;&E%@??lveé’ Ql(’f%%?ﬂ% é‘xthﬁ} @E f%ﬁf@ﬁ@ﬂ?i’?lﬁﬁms such as PTFE, E'lg%’

el ect r ocaPBAypdlgabgyferits CPYIE 4 fRibkcdiBtonREic ¥RbeASTEABRES: HAALd MEvidldon

el ectrol yser ar%/well known in the art, for exanple as described in our EP

0, 479, 423MeRHFBEY Hhigh ore lpgstetheywagpthe prstoarslebe dsctricalipcosiugdrasiate Bith the

0! 05_27 98Gcﬁﬂﬁn%?esgnt;920\9§'ﬁs thl_gﬁoaﬁtltér%r% llﬁb%aﬂen our aforenentioned pat ent
specifications are 1 ncorporate ereln eby way of reference. " The el ectrode
pl ate may have any desired structure. For exanple it may conprise a

plurality of |ayers, ,Preferabl er, each electrode plate is a,

foranmi nated pl ate, %!1 %hei@ocﬁgyggél%gﬁﬁéf%%@c?r%mg 1 1e REASENS MVPTHIONGEMPIRIRG of an
expanded aplupdlity efmodulésiheliecesved 8i3h Of the ARoPARRF a Rlod@e hdHHE BékeQbd HRNHET N

bl ade. More preferably the anode and the cathode plates are in the torm of

meshes. G cethods pamyahanstiensnimadide arexsectrngily (o), orefatablyst thre apicesmédhe

her ei nbef glfcribfte pan in an electrode structure will in general be of the
sane material as the electrically conductive plate. The material of the pan
is typically of a

Electrical conductivity between adjacent modules in the modular bipolar

electrolyser may be achieved by the use of interconnectors or preferably by at least close contact
between adjacent modules.

Electrical conductivity between adjacent modules may be enhanced by the
provision of conductivity-enhancing materials or conductivity-enhancing devices on the outer
surface of the pans. As examples of conductivity-enhancing materials may be mentioned inter

alia conductive carbon foams, conductive greases and coatings of a high-conductivity metal, eg

silver or gold.

-

T Preferably electroconductivity-enhancing devices are used to improve electrical
conductivity between adjacent modules. As examples of electroconductivity-enhancing devices
may be mentioned inter alia electrically conductive bimetallic plates welded to the anode,
explosion-bonded electrically conductive bimetallic plates, electroconductive metal devices, eg
washers, or preferably electroconductive metal devices adapted to (a) abrade or pierce the

surface of the pans by cutting or biting through any electrically-insulating coating thereon, eg



t hi ckness such that the pan is flexible and preferably resilient. One or
nore baffles are preferably provided in the anode and cathode structures to
forma first channel between a first side of the baffle and the el ectrode
pl ate and a second channel between the second side of the baf § BeNGHh@WB he
recessed di svo od/ssuése pan, the first and second channel s beipgr/¢6B00/01645
comuni cation with each other, preferably at |east at or adjacent the top
and bottom of the el ectrode structure. jghe first channel provides a riser
for the gas-filled brine to ascend to the outlet header at the top of the
el ectrode structure. The second channel provides a downconer fox the

d d j . hot t f t .l ect rqde st t Th
oar 1105, aPeons Pet B e KT Bidon by Sliadtile BEee Hiedtopigana

gas-lift tkfsarfaceadf thdwangener ated gas to enhance |iquor circul ation and
m xi ng whi ch produces certain advantages. Inproved m xing in the anode and
cat hode structures mnim ses concentration and tenperature gradients within

the structures thusgd nega&j j and .menbr a lifetime. In
particular, in the%?adr?g@lie st rﬂg%@rggq%?gp?ftn%?%fféaﬂrﬁwﬁﬁ&ng‘ﬁ?r&/\g ptrﬁ‘g&i%@’ of

hi ghl'y actldétrocondustive metaldexicn adapted| 10 () labradef or pieyg aiie suffaceUfehd piors By birarg t he
ri sk of dar%ge é_l?‘%ge nbr.ane .vi a protopation. The inprovenent |1 n mXing
in the calhBd®e SYFHeeany e%{‘PFag\X/s‘" 1954ti0g coating theregp, eranpxidedayareapd @) arleash keep
the concefhitat iféinafibn T irbulb@iClayCOBRLEAN 18 deSlce GRRGERGEL P S LE | ©
renoved. The provision of an inclined baffle plate in the upper region of
t he el ect fthseranafter refermadetoffor qonesniqnae asabrasiogydeyidel')qui d separati on by

accel erating the upward flow of the gas/liquid m xture fromthe

el ectrolysis area thus enhanci ng gas bubbl e coal escence. The baffles are
made of material wilhehblasion dsiictigprovided witleore FiogeproRBNbrsO ARRA lexihplk B
cell. The baffles.in the anode structure may be made of a fl uoropol yner or

a suitabl & pn devige may brieatiqned a stanyasher, egproyidesywithidmseiectionsPrbfatablyes i n
t he cat hoHewsiet,4kd i be; : I . Ay, S | & net al ,
For exanpy o it iRy Dl DR i S Bt RelecfinaCls AR Beste,
anode st r fRrmpachanienb stabilityl dysing atsembly of addetrolyser,ghyitief abrasfonydeaice acpredided t he

inwardly prej j rojectio in,the anode.pan. In the cathode structure
the baffl {e’l’rét(?xJ ﬁéearsga‘ﬁe% s’é’%?‘,‘°“§'rr%ef6f38¥ye§“ @P@?Jeav+°r§&ﬁ%ar°¥@e§ Héabﬁgk fides of their 1| e
may be a elrasiphdedcestructure extending fully across the el ectrode structure
in the horizontal direction or preferably conprises a plurality of pieces,
eg two, each of which extends across the el ectrode structure with a
hori zontal gap bet Mbher. ~ DI bal e i.s _used. the.l ower piece
pronotes recircul a\to]ﬁg%r%s?ﬁ m?‘él ?(Rg%?mgﬁgm?%g&ﬁﬁﬁér%waé‘i"&%w%\cg’???f%e‘%‘?“m
mai nt ai ni Hry dished gicess imthetpar of ayanode stinetustto prtvideelderical atACE Béthaas te phEN
operati ng hi gh.current.,. densities., I.n aperation a plurality of bipolar

o) 0 i e AR e ettt o S e ks R An e RAPR® SaieRe ¢ hat

el ectrol ysers
they are eingoire) Frafetaplyl dehsion @Bvitdd AreSRoRddIE bdch hﬁ&axdl&?ﬂ)&%ﬁn% ?ro?éc%&[ﬂﬁé y fed
in parallel to all the nodules in the nodul ar bipola ectrolyses

accordi nga’BQflet he present invention fromthe same brine and caustic headers.
Exit brine and exit caustic liquors preferably leave in parallel fromall

t he nodul es in the nodul ar bi pol ar el ectrol yses according to the present

i nvention to commoriTherabrasioadevicansytieandde afl@yetectritaly coadidtRe rhdleridl vhigndy! ar

bi pol ar electrol yses-accordi ng tq .the present invention
P E:ar(c:l enouéfl to cut into at Ig:ast gne o? the pansp of the electrodes structure, particularly a titanjum

anode, to pierce any oxide coating thereon. As examples of suitable metals from which such
abrasién devices may be prepared may be mentioned inter alia carbon steel, nickel, nickel alloy

or preferably a beryllium/copper alloy.

The abrasion device may be attached to the anode, for example by screwing,

welding, or pinning using a metallic, eg Ti, tab. Preferably .such a device is attached such that

it is free to rotate at least to a limited extent.



are nounted in a current-carrying frame and held together by any conveni ent
nmeans, for exanple screw, jack, hydraulic, pneumatic neans. The nodul ar and
filter-press bipolar electrolysers according to the present[jy*@vtﬂﬁp are
especially useful in the manufacture of chlorine by the electrolysrs of
aqueous al kavooorsg4sd chl ori de sol utions, especially sodi ummpdt/eBiobesss 0 3
NOV 2003 -27 The el ectrode structure according to the present invention nmay
be used as a current distribution devige_in an electrolytic cell equipped
wi th an ion exchange nmenbrane which is a so-called solid polyner

el ectrolyte. The present invention has been described with reference to an
- el ectrode structur itable for. use i.n an electrolyser for th

el ectrol ysis of aqﬁreh%étg;ag'gﬁgFchenléPEﬁ?erﬁbgy f%’ésablgl ¢t ‘E%‘qu ‘fseg? %ﬁ%x@peated
under st oodonrizetiensavithotireplateiRne! ect rode structure may be used in
el ectrolysers in which other solutions nmay be electrolysed, or in
other.types of electrolytic cells, for exanple in fuel cells. According to
a further aspect of (W i red i t{ ode
structure co risir;gltc ??Qgﬁggﬁﬁa??¥ﬁ§£%@§%ggﬁ?ggggéBéﬁﬁb%ﬁgvgﬁggkgﬁﬁéﬁd t he
peri pher y usefitbovarfays aspagtp theteohip chlos/kliceli appiestidney egeritlel digrtralysispar at or
between the flanges in adjacent electrode structures, (ii) an electrically
conductive plate spaced fromthe pan; (iii) means, optionally conprising a

plurality of el ect rTiealnbero@mdaults ane biFBRPRLS it Bipdtl QBctidMReR 6k dihe &) thy
conductive plate is electroconducti V\%}Liﬁ attached, providin

. . . g

el ect ri calPFépeRtoRyentionwll het dhagepsbynibe wkided nise indhe Light ohinteriabietthé ceguirgd
conductiv . e hS ' the electrically-conductiye
romber s, o AL d Wihat 210 el SaRiins Rugnls PR aReY

el ectrodemsnr ucture is an anode structure the dished recess is provided
with a plurality of inwardly~projecting projections and where the el ectrode
structure is a cathode structure the dished recess is provided, with a
plurality of outwarpipicanyoh ni%ﬁ{llhxngip&ra\_oble@c?&l&é%f‘%ccoﬁﬁﬁgrtg't feSerf? ihiHnkiBET
aspect of the invention there is provided in or for an e egtro ysis cell or
a fuel celcPmprsesds¥¥moedplesonpri sing an anode conpartment including an anode
pl ate, a cathode conpartnent including a cathode plate and an i on exchange
menbrane | ocated between the plates, characterized by the nenbrane being

seal ed at or adj aceThe filted-pesé &1d the riodBIEBipSlir eledidlyseryf acod@lRitS theprbedasket
conpri si nq a frame for conpression together with the frame of the second
t

f
gasket betREBHOL M3y e oppratefl ah pressures betweenGlyand) 600 kbay (GH andi6tber) pederalily each

gasket ha\gcﬂgcgmgﬁahg@laia(gﬁ(p&{dq%@glbg?_ one side thereof which islocated
at or adjacent the inner periphery of the frane and renote fromthe outer

peri phery of the frame, the gaskets being | ocated one on each side of the

menbrane with their,prgtrusi s KL £Ql S and._engaqi he menbr.ane to

form a pinch seal tﬁfe?r"g i V\é/efe‘g’ﬁj,%o%g ag?%es%‘gnt{on? ﬂegﬁtq‘i’%‘%ﬁ’pg Sh&%eprefer%y

i 1 ['ustr at edtebging &oar @R side thareoDtd thel othe,Mo Alfow\Eyuok toBel cdrged Béretd.FRr ERimpM N

drawi ngs, i,n Wﬁ{eCh: Figure 1 is a cross.section of the top part of the
vdherq, Begmeduler

el ectrode R QR feectplygends toresussd forrinstalentralysis intet-tuhesnaliowan
anode Stryghdicqo be darged\iMnd OfHARrRRLE 848 Brine to be charged to the anode structure.

Preferably liquor is fed to the inlet-tube from one end only.

Ports are spaced along the inlet-tube, preferably equidistantly to improve liquor
feed distribution actoss the electrode structure, Preferably the ports are formed such that where
a baffle, as hereinafter more fully described, is provided in the electrode structure liquor
discharged from the ports is directed into the recirculating stream generated by the baffle. The

dimensions of the ports are such that pressure drop down the inlet-tube is minimised.



-28 PCT/ (B00/ 01645 Figure 2 is a cross-section of the top part of the

el ectrode structure according to the present invention in th?¥§3bv1ﬂﬁaa
cathode structure; Figure 3 is a cross-section of the top par t

bi pol ar uni tweowessel ng to the present invention; Figure 4 i SPGT/GB00/01645
cross-section of the top part of the nodule according to the present
invention; Figure 5 is an isonetric vigyglooking at the anode structure of
the': nodule according to the present invention; Figure 6 is a
cross-section of the bottompart of the nodule according to the present

invention; and Figwes 7, and 8 are re tively ap isonetri.c view and an
end-vi ew of an aprgi‘FBWnEg\?' RYIS IR W%P'g“%ia or %Pa_éﬁ?“&r agﬁl 2 %@ﬁﬁ?ﬁﬁ?&?ﬂf
gasket fogalgsietedvby theediitdd aste Tipidalllythe® 84 aole2 i 10, PrifkiaBly dboGius, poROpdrs an
enl arged detail view of part of the gasket in Figure 9; and Figure 1 | is a

cr oss- secmeygAf theialgt-Bibet Tepiepdlyieach port ispfrbepiid e’ mmegigmeter, preferably-about 2 s
formed w szaiaHe?egge (2) and dished recess (3) in which are fornmed i nwardly
projecting frusto-conical projections (4) (in Figure |I) or outwardly
projecting frusto-conical projections (5) (in Figure 2). An electrically

conductive post (b)..on whjch a_spider . (ngt shown) . is nted i s
el ec'tJ ri I(:\z;I I 5 con§1eZ:TWUPnyétHE%thﬁ&iﬁq‘e‘@ﬂlf('lbﬁg‘("&}s S(S‘Pz’lejﬁ’)tf’t #‘“&rﬁt‘lt‘Fgeﬁ%mB‘Fs@Iaved
that the pEskenRsHRGhALSM aM fly b@ﬁ%sﬁﬁémfaean%h&%&%%ﬁa@ptﬁ,% e iefnbst

| onger than those associated with e anode structure. I'n the case of the
anode st r weachesethe tdaad-pad pf therplergube. WOb(0l26 816 Boly8ds the3ink@ase@0igngth of the

PCT/ GBOO Q 645 L.ited al et her | i gh se the anode at e y_either
be di reot A5 ESrRRtTE fpl-bRE Fiebeset e dPhRCE TaborpalR” Bt el te Bt o1 o
directly telyctdBRert Kt@cs RédRME. th&thaher bf adfadl! @t e (Bctroly¥@d 6l1¢akageoutdagy f or m
of a nmesh, is connected to the spiders. An electrically insulating cushion
(9) is prcorggan-bet ween the end of the post (6) and the el ectrode plate
(8). At the location of each post, the plates (8) are apertured and the
cushions (9) are.-received wthin such holes. The flanges, (2) are provided
wi t h backi ng fl angekhe(iaRt-tues afé gomenithtipanudbiof de {anfeOmaterieB)s the slegtredt t 0

accept bolts (not sho for ltin n anode sf{r ure and cat ho

str ug ture s\%ﬁ“?t’iref %y gga?\é%?rscxgﬂgﬁawhﬁ%ﬁﬁ%ﬁ’é’g? 5 I’F?ﬁ#"rﬂ%ﬁaﬁ&% P’é%@@é’%‘ﬁgﬁ% t he
present i nieftub®.thd dnble ispréferablyith@de dfeiasifin orldnGUBY thetedMandWwRerb R ch@adter
(11) takes place_ through an exit sl ot (3tgéq at the upper end of each

el ect r ode ismade pimekel phan allayitherpof the sndst-tuk taghe eathodd iy preferably madasefinickel vy

above the el ate (8) and just bel ow spaced apart cylindrical stub
t ubes (36)&\5%%@??9@%96?%& with holes in the pan base (3) and the flange (2)
and span the main vertically extending walls of the header(11). Thus |iquor

flow enters the exit slot an flons around the stub tubes (%6 into the
As examples of suitable non-conducting materials from which the supply-tube

may be prepared may be mentioned fluoropolymers such as PTFE, FEP and PFA.

The presence of the electrically conductive plate(s) spaced apart from each other

by the separator forms an electrolysis area in modular and filter-press bipolar electrodes.

Spent liquor and.product gas are discharged from the electrode structure through
a gas/liquid exit system comprising an exit slot, an outlet header in which gas/liquid separation
occurs and an exit port. Damage to the separator caused by formation of a gas space adjacent
the separator in the upper region of the electrolysis area is at least reduced, and often eliminated,
by the provision of the outlet header in the non-electrolysis area above the electrolysis area in

the electrode structure.



header ( 11 ). The el ectrode structures of the present invention may be

used in filter press electrolysers, nodular cells and fuel cells. Figure 3
illustrates a unit in which two el ectrode structures are coufl3eNo¥ @df3orm a
bi pol ar el ectrode assenbly for use in a filter press electrolyser or a fuel
cell, . the, ®lcatesede structures in this case being assenbl et véRo/0tdde anode

and cat hode projections (4, 5) nested. Figure 4 illustrates a unit in which
the electrode structures are coupled tqgether with a separator therebetween
for use in a nodular electrolyser or in. a fuel cell. In both cases, it

wi Il be understood that once a nunber of the units.have been assenbl ed, the
net effect will be,that adjace anqdes. and caj hodes, t he art .of the
same unit or part slrb%e%%é#sg?rg’qhﬁﬁs 19U3d myxtyrg VYSHE’?VP’dyF’IgP@é& @?Fémeyéf)s
nested W irta theotiph i Bt slot abBed B elettebliser édathalineatsafitotheiftleORAIASHR b Of

Fi gure 3, égc ar,losédge sfructure as jllustrated in Figure 1 and a cat hode

st r uct ur eOH8e 731 iRty wWhich aumsialongsubstantially the epidrerwidtheaf] the elspiardesinyetwrg, Widli ned
back-to-b : i { i i

o et et ot iR the kAR s AU Eurletddrnll BRREC ISR IRE Rrl el G
out war dl ythpges rhesei im dispersest a3-bubbleciala qontneas liquid Ph)seoThe deptioaitirasts slot is
structure, t rr nt bei.ng such t n the two structures, are
urged t og%’?ﬁglfy, &Pﬁfg? gg@s?ﬁ%’%’%?@é‘% P%T ?@”&nggifdﬁé e elepizode sERREmE g ithey
bet ween  digtarceebivetdAife HibhAeOR4 bt tREelbéFAMALE645 - 30 the peaks of the

cat hode projections (S) and the bases of thé anode projections (4) and
hence between the posts (6) extending to the electrode plates (8).

Referring to the s . | v..qf . Figur an ode structure
as illustrated i n"Eﬂg%%’el‘q?k“g’ﬁ%&‘gg%ggﬁ%gémé%’r‘%&ﬂ@rhg° t{,j?tﬁqafi?fs‘f’ ‘Ql%‘as ‘fﬁ?ln%:i gure
2 are j oi subdtabtjallyotht sntineotidthhefitie) elédiodel glhudnive, Tid @6ss{sdjonhlnurdal Agasutle?) . A
menbr ane é%agg K bseﬁl ed.gﬁg%\ﬁe}?n f wo Ea ket s g 14) di sposed between fl anges
(2). Spid f(“?ﬁ ¢ Chesen ghtof jnier aliathe gurrent density elegirerle azqaand EBPERRRt | ve
pat hways BehvBanstiafified Bt ! r L ‘ lofer s

conprise di sc-shaped cgﬁ%—l?%rftﬁ)sgeag}tmiqgﬁgﬁ%ﬁgf&gh@g%egircg’ I%gfﬁgr?gytgl tgo t 0gfsends
of- t he pobtesfacgis mainggingd. wel di ng, screwfixing or push-fit connectors, and
a nunber of |legs {38) which radiate fromthe central section (40) and are

connected at their free ends, e.g. by welding to the associ ated el ectrode

plate (8). Lrsuall {he pss dnddiguid3Ganty]eave ehe cudlgiHeaddr Yhr&upR©aE ofMork Bt pdride
current . sup Q/ via,the pOStigf(%l is distributed to a nunber of equispaced
v paety

PEEGTRYA o5 HPOpoBere Aisposedird ane prdtherset. The crogsesertipnaharea

poi nts sufrot

el ectr ol yaf e @it Btk aill bBBh&entiedis: of MGy § fl5s, SR | cated
frommaterials sglc):h és st al r?lness esfg'ge?,l nfc%ﬁlg%rgn%ggggsﬁé I %’Qgﬁ%ggéldode
spi ders afemperbre cuchethiatfanpnlanfilragasdiquididaivnfiow slirbugh thdvexitepmit withrediquidyBing 38)

of the spi 7 ssociated wi.th the, anode structure are sonewhat shorter
t han thosggg%i%agll‘%]tdgaceﬁngélﬁafﬁ%redsagrﬁ%ﬁag’lysﬁ%ﬂﬁ? re. In practice, during the
production of the electrode structures, the spiders (7) my be wel ded or

ot herv~rise connected to the plates (8) and the spiders may then be

subsequent | y wel dedbsreastigaid pxiesystean desqribeyd ahavepbag the (adyaritapgithat ghe davgenent
facilitat : i |
aci | i t at @ReshfPAB5 SVBEN de fes§1.ﬁ%t21%e Fasﬁfqtub{iﬁte?fg%qﬁ{/ G ch'glygxsg{egﬁf tﬁ% glectrode

renewal / repl acement of any e ocatal ytic -actrve-coatng ereon. As

shown i n FEyspm eonS¢quently elinnidatingtdamaga todhe sapdritor ¢amsddrbyaliecioymation pfcg s space .
frusto-~, Qnri cal .projection 4) in.the.pan (3), is provided with a I
tube ¢ 15) a6 nB' Bheblos A e pberutn RoBEaubiby sk SrBLR Ardret alveais s ot Rl
tube ( 16)adfuidedinyysen i@ nialietiesl oPprkRreMutiudfiths whith GdlePRFifabidmigh ur e

is provided wth a supply tube ( 17) leading to the inlet tube (not shown)
for caust itethsSepagtordiytabeasian fisem contads yithdheelectrade plates t The liguid filmeon(thgyvall 0 3

NOV 2003 0 - h .n4Fi 6, . d
structur e\él%ﬁp‘!r”geﬁl% gﬁ %@%%%tofaﬁﬁﬁ%naggénms@;b I Ifg}fl\%ﬁl:gg FTIS‘%SL'&%%WS & Etg‘?ekg\‘r/]ﬁ?t ﬁ
t he inl et pathivay (be8yechaseliedn the ¢leqiolyissr hehdy redidinghthe Padsiviey dfAbmag®toihed on

t he i nward roj ecti projections (4). The cathode structure is provided
with (a) 5%“@8@4’2’&&&%8@(‘%“(?L°f5°slf’6ncentri c with the inlet tube (20)

formed wth ports (23) and (b) baffles (22) nounted on the posts (6). The
ports 24, 23 in inlet tubes (19) and (20) are forned such that |iquor

di scharged therefromis directed towards the back of the pans behind
baffles (21 ) and (22) to aid mxing. Th a baffles 21, 22 serve to

. partition the anode and cat hode conpartnents into two comuni cating zones
to provide liquor recirculation as previously described. The baffles 21, 22
(not shown in Figures 1 to 3) extend vertically within the anode and

cat hode conpartnents fromthe |l ower end of the electrode structure to the
upper ends thereof and formtw channels wthin each el ectrode structure

o . o, o, - - . T Y M o, A




projections (34) on one face of the washer (35) and four sharp projections
(36) on the other face of the washer (35) so that when adjacent cathode and
anode structures are | oaded in conpression, the projections bygegynp®sgt he
mat eri al hode and anode pans. Referr| ng now to Fi 11 (
each gasket “H@f% y be of generally rectangul ar confi gura gﬁ?@”’%hﬁt“gm es
(some of which are depicted by reference nuneral 2A) for registry wth the
holes in the flanges (2) so that the gd8kets are conpressed as the

el ectrode structures are drawn together to clanp the separator/ menbrane
(13) therebetween. Each gasket is locally enlarged at its inner periphery
to forma nose {30in a./\prbfcrre@cmpeditrsnmmrpdestﬁtem{ehmreﬂmfgah/liqmg&xkehbam1sone

de th Th bl the el Lruct
Wi thei R W SH pBB RS AR RN PoRided, Bobe Rl AEE cBftel MAThERBicane
(13). I n digroteghefur®The datiagihte W tH kit Beader 16 FPEARRA bkSdsiorPd¥the BRRGFURD) nay

be of generally part-circular configuration in cross-section. By virtue of

thi s | ocabandeiegsrtisplglireation fothq ¢tlectigae ftmcture. Bhe hack platass et ﬁagmgh@prcbgsm

bet ts

merbr ane TRpORLaE e bk GF AR Mo BP0 Rn o B SrrBonrol St o aledfyhe

pr oduci ngomlepheradbr andathrough lslhlrlth%r Q@dégr?ﬁ HMWar@fof tﬁtliﬁ uté@{drr]ﬂt\ pl@%e%f&?é hé&ctf h
seepage or ce i quors. through or alo e structure o e
msrrgr gne ) \}% %%Bt ‘NI@V’ basder w%betemaﬂnaa g@P Q‘}l’m? hQPQe’f- Zhe pige rgzas ket's
(14) areoicnalPboOud %qc@tmédg%' g0 degftet tB_?,'@E's mz%atfgotgt{; thk BSftokh

chem cal Igﬂmem stant materi al” such a I on, eac gasket
may be prlraderenddowh thaowghs?) dngrepsmfoun therfronh plakesofolmpmxit sda. Alteiﬁaﬁ\hey eid for

Che- of oct Foeits B SRESoL ey b Batishalcnr ol eRhaRE oo borssteBRont | |1 oy

be renoved fromthe structure by rem)V| ng the cushions (9) to expose the

central sections (40) of the spiders and therem}r/)( al | ow their detachnent
fromthe posts or, Aﬁﬁé’r@“ﬁ@‘}fé‘sq%‘“aﬁ%ﬂ]srf@éﬂ@mﬁee dvgh pifartldr O6tdeguges pan

or bi pol t ers
OF 01 20! BorBLR e E0tn AP AL o S50 logBBAL 05 g 100 RIS
- through tisehquzmt ﬂteduthu&ﬁnglea%jdegrctesupwnd ltd fong tiecflahge Mftke pari.he cent raI
spi der portions are engaged with the posts (or pan) via a fixing screw or
push fit connector, detachnment is effected by renoving the screw or other

connector. In SO Thasgght dffe Mige ety H@fmeefﬂalvea(%ﬂ Ug‘ag(haﬁlhm gﬁﬁwﬁg ntral

spi der portions nmay be designed to give only weak wel ol nts t the
spi der s niyoush tarexiicint gnd mmmut@ombo\pahe flangh fqumis ghre qxlitateaden Typisallyy

br eaki ng {. e.the spiders have been
det ached, Hgﬁlgyéglno eek(}r% ?ﬁg‘%letagaaﬁt}%/??é% cégh?%ﬁg?/%’ﬁ%ea?erefurbl shment or
repl acenent with a fresh el ectrode assenbly conprising an anode or cat hode
with an array of spiderg arranged to correspond with the | ocations, of the
posts or projecti ortd€gpixe °bﬁng§g éemgﬁwentﬁﬂwwoaﬁhermpbwﬁ@a

el ect r odecReREIYRIY adcordifie o Y Sresedt inveriad, @hi%ﬁtn{éyoﬁl c?tﬁetreﬁfiint #enidde fa@é]
exanpl e by spo wel di ng,  threaded fasteners or pus I't connectors. ere

t he nmet ho&atbddestruetuissars madefom atsuitableahaterialaitti @pprppriat¢ shendcal residtancadodi
fasteners sh fit connectors uct i enhanci, means, such as  star
washer s, 3@’(%5# ﬁ°p5f"s°§’sego?‘p 8*h°&t?8ﬁrf’w 58 iTYE a%’\fnggk’ieﬁg%tﬁtaé{a AFHREN or
appl i ed t corabiatienbf dheRal tRittadte hitEphybicsl ProRARS Alzalide nidE FRGELa Qﬁatérm
post, pan or, bipolar_ plate. Optionally where need eg to secure a good

p) ~ysi cal hayipe &iiiable physital propertienmey be previdedowithanbemicallieresistantilinayd eg made
rough SUfBPF?ﬁE%&s‘]ﬁn&%ﬁ pan or -bi polar plate exposed by renoval of an
el ectrode structure nmay b& dressed using for exanple a finishing tool,
sanding tool, file or the like. 0 3 NOv 2003 33 CLAI M5 An el ectrode

(2) ar ound the por | [RESKTRB Befo (i fort ohe e Aty KA RS AP pen

seal ing atwe tsOdre Qﬂs%bsé@leétﬁﬁﬁ‘ Bidt lae afsé}ﬁ%@rsanﬁ%)lohcf‘ Igﬂlilgd Wshb A B ﬁ&ge

structures (Fig 1; Fi i ch separator IS posed between the
surface otletmﬁélcami@éOg@}empdléefsqu%tﬁteél ectrode structure (Fig 1) and the
cat hode (8) of a




second el ectrode structure (Fig 2) such that the anode surface is
substantially parallel to and faces but is insulated and spaced apart from
t he cat hode surface by the separator (13) and is herneticall éyﬁwzéqato t he
separator; 10 (ii) an electrically conductive plate (8) spac 0 he
pan; (iii) awoioaee463for |iquor; and (iv) an outlet ( 11 ) fecT/GBod/ads4s
wherein the plate (8) is electrically connected to the pan (1) by neans,
optionally in the formof a plurality.aff.electrically conductive nenbers
(6) to which the electrically 15 conductive plate (8) is

el ectroconductively attached, which provide electrically conductive

pat hways between thg o papkié didsaRR | duct.i ve pl.ate ‘)yvm'th
t he proviso that, vvhgre tlﬁe ppI at g@?@%%ﬁoﬁc}%éﬁﬁ%%{%’g& %r%?é"%"ﬁtﬂ?eo g’#’& be
directly enétiersepaitoyr connected to the pan; and wherein, where the

el ectrode structure is an anode structure, the dished recess (3) is

provided with a plurality of inwardly projecting 20 projections (4) and,

where the el ect rOdWﬁ&iErﬂiﬁnFﬁn@e &%P&ﬁﬁgl%ﬁdﬁ%ﬁb?e oﬁh@&e@i&ﬁ!}ﬁ%ﬂ?@ﬁﬁéﬁ Cf’)

is provided wth a plurality of outwardly projecting projecti ]
that the iSERAFET {ntpihy medulp vy cpmpdrtmeot. iTypisal{yithe ifrantehis of isgireel or ecemgulaf t he

pan of th . St € ' mate with.the outwardl roj ectin

proj ect i oﬁ:"s) |0§' %&g{sgﬁégh%@é%ﬂm g 3° R@yfﬁﬁég%%m&f%l’%ge ﬁg‘?'f%eﬁf"g%n

adj acent cedlingddthshe septnato; fHFingani2y, it riayeiaves GRADE, riS@UIRF brSdghste drdab-seclbh t Y Of
t he el ectrogﬁ.s'tr cigglr«%s. Z.HQE el ectrode structure as clained in Caim1l
wher ei nt PR jsPreteraply qirecting rpsywediiop withdhe gmensjor paspengicalar 3o thargasket

el ectrode e being sfhafler (RhhERfNd ' ei n each projection (4,
5) is el e(?ﬁnocongusct ively cgﬁnegtagﬁntatggg%née)(ffet%%%g{ghduct ive menber (6). 10

4. An-electrode structure as clainmed in any one of Clains 1 to 3 wherein

the projections (4, are, space art fromeach other in a first

direction and in a %‘?Jrvé%‘f”i"tgntgf & eég'grf‘gg%sbsc‘ftf?é ipqlydes a grotrusipp grnose around
substantially the entire perimetral length of the frame for engagement with the separator, the

protrusion or nose usually being provided at the inner and/or outer periphery of the frame.

The protrusion or nose may be of any suitable shape capable of effecting a pinch

seal with the separator but is preferably of bulbous conﬁguration, e.g. generally part-circular in

cross-section.

In use, the separator will be engaged on each side thereof by a respective gasket
so that the protrusions of the gaskets are in registry with each other and, when compressed,
effect localised pinching of the gasket around the full perimeter of the gaskets to prevent seepage
or “wickipg" of cell liquors through or along the structure of the separator from inside the
electrolysis compartment to locations external to the compartment. This design of gasket has
been found to be particularly effective in preventing "wicking" of cell liquors especially when
the separator is roughened or has an uneven surface (e.g. caused by the presence of a reinforcing
mesh)-or contains channels left by the dissolution of sacrificial components therein; or when the

electrolysis compartment is running at a higher pressure than the outside atmosphere.

In a modification, each gasket may be provided with a nose or protrusion on the

opposite side thereof for engagement with a respective flange of an electrode structure.



5. An electrode structure as clainmed in Caim4 wherein the projections (4,
5) are 15 spaced apart by the sane equal distance in the first direction
and in the transverse direction. 6. An electrode structure ag giyayngggin
any one of Clainms 1 to 5 wherein the projections (4, 5) are frustoconi cal.
20 7. .An el WOtOP/6HE structure as clained in any one of C ai METIGBEOB4hher ei n
the electrically conducting nenbers (6) conprise posts. 0 3 NOv 20!J3 35
8. An electrode structure as clainmed 422 any one of Clains 1 to 7 wherein
the electrically conducting nenbers (6) each conprise a current carrier
(7), preferably a nulti-legged current carrier, adjacent the electrically

conductive plate (13 ghsket@i@meuhdy coRQiinhol& 16 aédonfrAddatORhAST bithecpudidily 5 9-

An el ectrode structure as clainmed in Caim8 wherein where the electrode
st r uct ur e¥hege th sasketdeusedinamedale(Fig 1 ) provided with current carriers in
the formof relatively non-springy spiders with short legs (38). 10 10. An
el ectrode structure as clained in Claim38 wherein where the el ectrode

structure is a catWhaethstgasket is peovidddowit a phiepiital @ekistar KinérusideEdribe@tbdvey S i n
the formgpf .sprin spiders with Jong legs (38). 11. An electrode structure
as cl ai *“?&W%tﬁ’écp 6‘f°r@%‘W&"%fetc&gﬁer‘&ﬁé‘%%n%- inlet 15 tube ( 19, 20)
is provided at the bottom of the el ectrode structure, preferably extending
fromone side thereof to the other. 12. An el ectrode structure as clai ned
in Caim1l wher eifleqrolysers azardimztp the presauainyentemuinal s eperatyd af Hgtgeurest | nl et
t ube (19,degg ie29435?kA/A9 el ectrode structure as claimed in Caim12 wherein
t

the di nensi oﬁ"é of t'he l5‘0’rts (24, 23) are such that pressure gradient along
the inlet tube (19, 20) is mnimsed.

The separator is preferably a substantially electrolyte-impermeable ion-exchange
membrane. However, we do not exclude the possibility that it may be a porous

electrolyte-permeable diaphragm.

Where the separator is an ion-exchange membrane it may be formed from any

suitable ion-exchange membrane material

Ion permselective membranes for chlor/alkali production are well known in the
art. The membrane is preferably a fluorine-containing polymeric material containing anionic
groups. Preferably it is an anion group-containing polymer containing all C-F and no C-H

bonds. As examples of suitable anion groups may be mentioned -PO,%, -PO,%, or preferably
-SO; or-COO.

The membrane may be present as a mono- or rhulti-layer film. It may be
reinforced by being laminated with or coated onto a woven cloth or microporous sheet.
Furthermore, it may be coated on one or both sides with a chemically resistant particulate

coating-to improve wetting and gas release.

Where a membrane bearing a surface coating is employed in chloralkali
applications the surface coating is typically formed from a metal oxide inert to the chemical

environment, eg Zirconia.



0 3 NOV 2003 36 14. An electrode structure as clainmed in any one of O ains
11 to 13 wherein liquor is fed to the inlet tube (19, 20) at one end only.
15.- An el ectrode structure as clainmed in any one of Clains 11 to 14 wherein

the 5 supply tube ( 15) to the inlet tube ( 19, 20) extends gl on e inlet
tube until it al nost reaches the dead-end thereof. 16. An %I%%&Q?\é
structure a¥4%P442d in any one of Clains 11 to 15 whereint 0 f%/ t ube
(15) to the inlet tube (19, 20) is nmade of a non-conducting material and 10
preferably extends along the inlet tub@3-17. An el ectrode structure as
claimed in any one of Clains 1 to 16 wherein one or nore baffles (21, 22)
are provided therein to forma first channel between a first side of the

baffl e and the el efitableatdmbrares forchiovakadl applecatidns Ae1shla, PLenmple; indentle

bet ween t he 15 se ogd "s‘%}gg f the b%ffle and_the di shed recess (3), wherein
the firstTAGAHRE NBROR| RS | Rufoatde Nemeyrs and,Ge. In Flemione by fhsiAseli Glassascend
to the outbatahsadseiphi b el ARNROERdiEaITJ. i Ur e and the second channel
provi des a downcorner for degassed electrolyte to fall to the bottom of the

structure. 20 18. An electrode structure as clained in Caim1l7 wherein the

baffles (21, 22) i d vertigally. 19. An electrode strugture as
clainmed in daim1l eos(r%p %gtgaﬁ‘(?f) gﬁﬂnﬁé{;‘%e\é{l ﬁ%acgpéwﬁ%ﬁgtegﬁqﬁ@ﬁpceﬁ?tgsadﬂ anode
St ruct ur ethefebg sebhrates dige Mbdé sthihire o tha BatRdde@itudther eof the baffles 0 3
NOV 2003 37 (21, 22) are made of titaniumor an alloy thereof and wherein

where the el ectrode structure is a cathode structure (Fig 2) made of nickel
or an alloy thereofyd Q‘Bdgga{tﬁécﬁ%aﬁ ?s]suitably in the range 3 mm to zero, preferably 1 mm to

zero. Thus where the anode/cathode gap is zero the anodes and cathodes of the module are in

contact with the separator.

In bipolar electrolysers equipped with a substantially impermeable ion-exchange
membrane, aqueous alkali metal chloride solution is charged to the anode structures of the
bipolar electrolyser and chlorine and depleted aqueous alkali metal chloride solution are
discharged from the anode structures of the bipolar electrolyser and hydrogen and alkali metal

hydroxide are discharged from the cathode structures of the bipolar electrolyser.

The anode plate in the electrode structure may be metallic and the nature of the
metal will depend on the nature of the electrolyte to be electrolysed in the electrolyser. A
preferred metal is a film-forming metal, particularly where an aqueous solution of an alkali
-metal chloride is to be electrolysed in the electrolyser. The film-forming metal may be one of
metals titanium, zirconium, niobium, tantalum, or tungsten or an alloy consisting principally
of one or more of these metals and having anodic polarisation properties comparable with those
of titanium, It is preferred to use titanium along or an alloy based on titanium and having anodic

polarisation properties comparable with those of titanium.

The anode plate has a coating of an electro-conducting clcctrocatalyticélly-active
material, Particularly in the case where an aqueous solution of an alkali metal chloride is to be
electrolysed this coating may for example comprise one or more platinum group metals, that is

platinum, rhodium, iridium, ruthenium, osmium and palladium.



22) are made of nickel or an alloy thereof 5 20. An el ectrode structure as
claimed in any one of Clains 17 to 19 wherein where the el ectrode structure

is an anode structure (Fig 1) the baffles (21, 22) are noun _ e
inwardly proj ecting proj ections (4) in the anode pan and @\ﬁj\l@qﬁ&ahere

the el ectrov® misBasdt ure is a cathode structure (Fig 2) theroafdBoesichl, 22)
are nounted on the electrically conductive nenbers (6). 10 21. An el ectrode
structure as clainmed in any one of Caiys 17 to 20 wherein the baffle (21,
22) conprises a plurality of pieces each of which extends across the
structure with a horizontal gap between them 15 22. An eI ectrode structure

as claimed in dai 8.to 21 endnt an Claim
7 wherein the post ;E\ ‘%E?&na% g%?c Iéce%%l’r% czmsyza\gtwmat@%hfq; ssa[npg $Q3HBES s

cl ai med iin aflelctrolRRerakewell nndvhelrﬁhdlsrlt fo)r éxh?pie@@des@ﬁl?&d‘tlﬁgu( mB) b%ﬁ 636, EETE

al i gned es, In the electrically conductive plate

bi pgl ar %7587 Qﬁ%\?‘é’cé%p’ll% ‘?n that the pan of an anode structure (F| g 1) as
claimed in any one of Clainms 1 to 23 is joined to the pan of a cathode

structure (Fig 2) as clained in any one of dains 1 to 23 such that the
i nwardly projecti ngmprsujtéde mtat“(lm;his diffeReniNEdin HFAmIBrining initeal afidd@node

tructure_nmate w.th r.dl. I n oj e¢cti.ons (5) on the pan of
tS he cat hof& ?Wgtf?frté %ﬁ?%wpﬁ?tﬁ “i; Felﬁ C{‘f °t8"2§?r° )gtefh ¢ficanse.dhat thy metahy

el ectr ol yaea fanpataaidds pYbﬁé i@faomemd SRSs @Yisteridkd B Ele&foﬁké bRUd g ofEBRSIFtic P) at
| east two hipolar units (Fig 3) nounted on a nounting frane and assennl ed

in seri escyibtiseigrablyathe cat 9€ Blate is|meaderaf migkelyor aandceb)tll@astk@tannﬁanma(engll) fgr
sealing a ( acent anode an
cat hode electto el%srtfércﬁ (jzot?ft?%cggle %ﬁﬁ%%ln& H@?gﬁ% %‘% 5&5%‘16&94% BRYiCR™PHG 2 t he
bi pol ar uedrt of amothebinetal,@rg. stebltcs capet, laad arpshtdr facCofhiBkel ér nidkel atloyTdelted of Fi 9
4) charact %{( a?l?oyb}/s prepgx)'xreldsénngccount of the corrosion resistance of such materials in an
electrolytic cell in which an aqueous alkali chloride solution is electrolysed and on account of

the long term low hydrogen over-voltage of nickel or nickel alloy.
The cathode plate may be treated to increase its surface area, eg by grit-blasting.

The cathode platé may be provided with an electroconducting
electrocatalytically-active coating. Electroconducting electrocatalytically-active materials for
use as cathode coatings in an electrolyser are well known in the art, for example as described
in our EP 0,479,423, WO 95/05499, WO 95/05498, EP 0,546,714, WO 96/24705, EP 0,052,986
and EP 0,107,934.

The disclosure in our aforementioned patent specifications are incorporated herein

by way of reference.

-

The electrode plate may have any desired structure. For example it may comprise
a plurality of layers. Preferably, however, each electrode plate is a foraminated plate, ie it may
be perforated , or it may be in the form of an expanded metal, or it may be woven or
non-woven, or a louvred or lantern blade. More preferably the anode and the cathode plates are

in the form of meshes.



(a) an anode structure (Fig 1 } as clainmed in any one of Clains 1 to 23 and
a cathode structure (Fig 2) as clained in any one of Cains 1 to 23; 15 b)
a separator (13) disposed between the anode plate (8) and the cathode plate
(8) such that the anode surface is substantially parallel §3 M0\ §Mces but

is insulate aced apart fromthe cathode surface by or (
R Bians PP cHpaias

13) which there ivides the nodule into separate anode an

conpartnents; c) gasket neans ( 14) ses%)i ng the separator ( 13) between the
flanges (2) on the periphery 20 of the“pans (1); and d) neans to apply
pressure to the gasket neans (14) to hernetically seal the separator (13)
thereto; wherein i) the inwardly forned proj ections (4) of the anode
structure of a nodéSEnenEpnsg hereinbaiessthe pasineh clgctyody stucture wWithinezengrehbe ¢fe

" dl . . ) iy .
St Uot ur o5 pRa bl ¥ Gk BELLPI, condlthe HHE 8IBAR ot e BIRKACHY 08,1 Jces
conpri si ntrickngdsisnct thaythe part fsdleribibiane prefeaatdy tepilieqtt i onal |y ene or nore

bi polar units as claimed in Claim?24, preferably with electrically
conductive | oad bearing posts, and associ ated separators interspersed

between the anode @ of BoROKleN & laf Y fiaBlS provided in fhe TRCHE AR BLBG Rfuctures

el ectrol yses apparatus which conprises 0one or nore nodules (Fig 4)
assenbl edtoferm anfinghehangelfbetvrsn atfliss sivo @bithedafflsiang therelestodeplateand a second

mechani ca lectrically. where.t Qr, .nor e | e re pr,ovided:, and
current dl‘lzﬂs%fl?lbr%tt‘l%%% %‘F Srgnd éfde gﬁ@*ﬁ b&ﬁ% ¢ tt{eﬁgceéﬁrgggﬁﬁhoqsfﬁ%@‘e fhy firsCarid
char act er kemd ¢Hanhdlabeipinon@elinicatiérrwigh dach bherd pRRGABIR atdlSast htdir KBfdcérd thd ai m
26. 28. parngt us as claimed in Caim25 or 27 wherein electrical

conduct i vitAANgRoferrPifhs dectrrde spcivresieiry channelprovidespuissr Sor the ge-filled

el ectroly 1 ' ; i r

ani ¢ (B g et B oflel AP R PloB S U IRot e TS ThE sdcBRd BhARE !
bet ween agjoxiiens derwakomes foy thealtpasdibtineloddt w dedosom ot the elestrod@Strudpealhd us as

clained i aim?2 r. 27 wherei.n.el.ectrical .conductiwvit e en adj, acent
roaul oo | RRCRpiRlray iRy ST, Titptlel vy e et el Gl et
el-ect r ode g&d tolebhatce $iquiér dildGlatibP&ldahixihg ivhidh prédiBesHeRAn Al Vtapks.Cl @i m 25 i's

enhanced by use 20 of a conductivity enhancing nmaterial or device (12)
bet ween adj acent nodules (Fig 4)

Improved mixing in the anode and cathode structures minimises concentration and
temperature gradients within the structures thus increasing anode coating and membrane
lifetime. In particular, in the anode structure the improved mixing allows the use of highly acidic
brine to obtain low levels of oxygen in chlorine without the risk of damage to the membrane via
protonation. The improvement in mixing in the cathode structure allows direct addition of
de-ionised water to keep the concentration of caustic level constant after concentrated caustic

is removed.

The provision of an inclined baffle plate in the upper region of the electrode
structure further increases gas/liquid separation by accelerating the upward flow of the gas/liquid
mixture from the electrolysis area thus enhancing gas bubble coalescence.

The baffles are made of material which is resistant to the chemical environment
in the cell. The baffles in the anode structure may be made of a fluoropolymer or a suitable
metal, for example titanium or an alloy thereof. The baffles in the cathode structure may be

made of a fluoropolymer or a suitable metal, for example nickel.



or adjacent electrode structures (Fig 3). 30. Apparatus as clained in daim
29 wherein the conductivity enhancing device is an electrically conductive
nmet al washer (12) adapted to cut into the pan. 0 3 NOV 2003 40 31.
Apparatus as claimed in Caim30 wherein a conductivity enhart? A§Vdé&d ce
(12) is di spasmdsish each of the inwardly proj ecting proj esdT/GB®/W145 in
the pan ( 1 ) of an anode structure (Fig 1 ) to provide electrical contact
between the inwardly proj ecting proj_sgtions (4) and the mating outwardly
proj ecting proj ections (5) in the pan of an 5 adjacent cathode structure.
32. A nodule as clainmed in Caim26 when dependent on Claim22 or a

filterpress bipol ct.ral yses .a ained in Caim25 n dependent on
Claim22 wherein t etﬁér %}Oldgso C%Fﬁglﬁs‘%%?%%?retﬂﬁ?cm’ é@tﬂrf%‘\éﬂf%a%ﬁﬁﬂt@ttﬂ?/e

pat hway tinwatdifhpiofeetingpprofedeion3sds the( djodt pard. Gn titecahe strhbtatel the GRMEYGLhE

pat hway through th ode &g t 1S.16) is at least 2:1, preferably at least 4:1
and nore PF¥EP F’z?tﬂ’%eré Y|28aed §the POt A nodul e as claimed in Caim26 or
filter press bipolar electrolyses as clained in Caim25 wherein the nmeans

to apply pressure to the gaskets to hernetically seal the 15 separator
thereto is provided Wafflholay et hooerglechsirestufe d&d¢nding fillly &drossgms dddtrodd4. A

nodul e as_cl ai ned i,n .Cl ai.m. 26. when dependent on Claim?22 or filter press

bi pol ar e eSE?‘Fep‘Pgﬁéeé‘é’ na%n"%%ll@ Fred qfﬁf%fgﬁpﬁcgglpm_ﬁ R:]B’ﬁg]ﬁ' dpLecsh cerryprfagh

wher ei n ebwliich eatddy abrosithablefttbde ls@astulevARSS B5:iidach GHSDLRRS 462, Wifere a

di sposed at the ends of the 20 electrically conductive nenbers (6) ad] acent

the el ect Pociqepailisised the dowstr piege proymotes secipulatioh wishakiquor andribd upper Giege m 26

filt i : t i in Cl aj m 25, wh inth
Qepar at o “PIE R milBAAL o R & Thd BE DR L BLIPR Kbl B P Sietrhatal
menbr ane. high ddrreéht 8enkifies.2al13

In operation a plurality of bipolar electrolysers according to the present invention

may be arranged such that they are electrically fed from the same rectifier.

Liquor is preferably fed in parallel to all the modules in the modular bipolar

electrolyser according to the present invention from the same brine and caustic headers.

Exit brine and exit caustic liquors preferably leave in parallel from all the
modules in the modular bipolar electrolyser according to the present invention to common brine

and caustic headers.

The modules in the modular bipolar electrolyser according to the present invention

are mounted in a current-carrying frame and held together by any convenient means, for

example screw, jack, hydraulic, pneumatic means.

-

The modular and filter-press bipolar electrolysers according to the present
invention are especially useful in the manufacture of chlorine by the electrolysis of aqueous

alkali metal chloride solutions, especially sodium chloride



36. A nmodule as claimed in Claim26 or a filterpress bipolar electrolyses
as clainmed in Cdaim?25 provided with an outlet header (11) in which
gas/'liquid separation takes place, in use, in the non-electrolysis area in
each structure above the electrolysis area S where there igs3 ngyn®pgr ane
exposed.to the liquor. 37. A nodule as clained in Claim26 or a filterpress
bi pol ar el ectrolyses as clained in Cai.py25 wherein the gasket neans (14)
are made froma plasticised EPDMresin 10 38. A nodule as clainmed in claim
26 or a filterpress bipolar electrolyses as clainmed in Claim25 wherein the

gasket means (14) i a resi stant nose {30)

inner edge. 39. A %89 lg&%rggwu}{]é:?%r?éng%gl Brg%/eé'lt R (R i §é1§°‘§f§a8‘lu'§ﬁnﬁed
in C ai m 3disutbatiei devichén ékﬁelébl&emneablll YquipSddsiithdn 168 8RcHag S miefmbrane evhichadm
PTFE. 40. An ﬂfﬁCtEﬁOOZy ture as clainmed in any one of Clains 1 to 23
provi ded wStREHET selid® E?P Y11 ) in which, in use, gas/liquid
separation takes place in the non electrolysis area of the structure, above
the electrolysis area. 20 41. A process for the electrolysis of an al kali
metal halide char acibe peeudt inverttion has lbeehslesmabddi\a(h efererics t@aheélpsdtodé structure

el ectrol yses 3 NOV, 2003 42 42. A net hod
for pr oduc?‘ﬁfﬁ% fgli 45¢ @ragreiegggﬁebgc}rép éF%@ZXSb‘I qf agveoys alkeli magal hahdegojitien s
whi ch conpid ol ar
ni ts (Pl g So ot e LB de fch e Ha9BE vl i cfeBlytip b
mechani cal Phensriutisnemay be allectyolyat;ﬁ,aman other Hpes ¢frel¢c|t:alytxtcrcells; ifpodxamplerin fiel ar e
bi pol ar uni as claimed in daim5 24. 43. A nethod for producing a
nmodul ar bi polar el ectrolyser as clainmed in Caim27 which conprises
assenbling two or nore nodules (Fig 4) on a nounting frane in series both
mechani cal ly and el ectri cal Ig ar}xd %gow ding current distributiaon plates at
10 each end of the &FEUHIg|!] 2 Eirthepasppct of dheinsesantinventian theseismsenidedanar e
modul es asegl;@édg%gudr&e@oﬁbmlgg. 44. A bipolar unit as clainmed in Caim24
or a nodule as clainmed in"Claim26 in

(i) a pan with a dished recess and a flange around the periphery thereof for supporting gasket

means for sealing a separator between the flanges in adjacent electrode structures,

(ii) an electrically conductive plate spaced from the pan;

(iii) means, optionally comprising a plurality of electrically-conductive members to which the
electrically conductive plate is clectrocdnductively attached, providing electrically-conductive
pathways between the pan and the electrically conductive plate;

characterised in that

(a) the electrically-conductive members, when present, are in the form of posts; and

(b) where the electrode structure is an anode structure the dished recess is provided with a
plurality of inwardly. projecting projections and where the electrode structure is a cathode
structure the dished recess is provided with a plurality of outwardly projecting projections.

According to a further aspect of the invention there is provided in or for an
electrolysis cell or a fuel cell, an assembly comprising an anode compartment including
an anode plate, a cathode compartment including a cathode plate and an ion exchange
membrane located between the plates, characterized by the membrane being sealed at or
adjacent its outer perimeter by a pair of gaskets, each gasket comprising a frame for

compression together with the frame of the second gasket between a pair of flanges,



whi ch the anode plate (8) and/or the cathode plate (8) has an

el ectrocatal ytically active 15 surface. 45. A bipolar unit (Fig 3) as
claimed in Caim24 or a nodule (Fig 4) as clained in Caim26 in which the
length of the electrically conductive pathway between the (Bho@g gogp and the
anode plate is shorter than the length of the electrically conductive

pat hway 20 between the cathode pan and the cathode plate. 46. An el ectrode
structure as claimed in Caim1l in whighy the pan (1) has a base and side
wal Il's projecting fromthe base to formthe dished fluid receiving recess
(3); 0 3 NOV 2003 43 the electrode plate (8) is nounted in spaced
confronting relation with the inner surface of the base; the projections

(5) are brirhawizadyaach piskei Kthd SrebiientiFe@ubn &@&éﬁd@@ef&f%ﬁ&ng ina
direction away fromthe el ectrode plate (8); and each hollow projection

acconmod | 2ql: : ' rovi.di ng el ectri cal
conti nui tﬁ{/c%%g? \?\g:é](ﬁ?ﬁ{ed ﬁalgtllaé(ﬂé(r)? %%ét‘étﬁg%{aﬁgﬁaﬂ §§I@étﬁ%r0??1 eequgeét rode plate
(8). 47. An.,electrode structyre as clainmed in Claim46 jn which each

ol birent  PEIPHEREH DEEmE. (i GesKeh Ene o bne o achydecal themembiase iy

el ectrod%‘egl ate (8) .through a 10 nunber of conducting |egs (38) which

radi at e PCHATPEESIONSIR regastty ang engaging theymeynlrane fouformmdingh sephi ned in daim 1
in which: the pan (1) has a base and side walls projecting fromthe base to
f or m t hetherabevacacei vi ng recess (3); 15 the electrode plate (8) is nounted
in spaced confronting relation wth the inner surface of the base; the
projections (4; 5)_are hollow and are provided in the base of pan; each

hol | ow proj ecti on F4Presen dverticads furtber ted by maferemde to,dhut isén ng Wiy vhiteh
provi des Wi atH iaul ty.het ween the apex of the projection (4; 5)
and the eﬁeg%rfggﬁqggg{dggﬁ%%l%ﬁd is connected to the electrode plate

t hrough a nunber of electrically conductive | egs

Figure 1 is a cross-section of the top part of the electrode structure according to

the present invention in the form of an anode structure;



(38) which contact the electrode plate (8) at different |ocations. 03
NOV 2~3 44 49. An electrode structure as clainmed in any one of Clains 1 to
23, 40, and 46 to 48 in which the projections (4; 5) of thelaghd@¥¢ 20%ctrode
structure or the cathode el ectrode structure all project excl usivele/ in the
sane direct VOPYE¥3 An el ectrode structure as clained in afFTEROVBIAT ai s
46 to 49 including one or nore baffle elenents (21, 22) | ocated between the
base of the pan and the el ectrode plat@8(-8) so as to partition the space
bet ween the base and the electrode plate into two comunicating fluid flow
zones. 10 51. An electrode structure as clainmed in Caim47 including one

or nore baffle el it if 8 2losh-96cabR Of BRUNEEM IR MREEIO AR a%&dﬂ(ag%t he

el ectrode plate (ﬁz_‘ so as to partition the space between the base and the
el ectrode pl at e i rf®pregent evventien nghe fogmfdfgicathpdesimuctorees, the baffle
el ements (22) being nounted on said posts (6). 15 52. An el ectrode
structure as clained in Claim48 in the formof an anode structure (Fig 1)

in which said projKEgiied d ébssesectntlof Meassipart Hethe BipeRr BhidbRofdhg td the
structure including one, or pore baffle elements (21) nmounted by said

proj ections (4) belGEBhINVFEBase of the pan and the el ectrode plate (8) so
as to partition the space between the base and the el ectrode plate into two
comunicating fluid flow zones. 20 53. An el ectrode assenbly for use with
an el ectrode st r uckigung 4ds a cloas-sastion of theyopqnet of the Gicdulemcdording RSthe Afksemnd 46
to 52, conprising .an gl ectrically conductive plate (8) and an array of
current carriers (Wye%fotuached to one major face of the electrically
conductive plate, each current carrier conprising a plurality of |egs (38)
connected to the plate §8). . 0 3 NOV 2~3 45 54. An assenbly as clained in
O ai m 53 in whi ch ¥igureph 4% an @smetic yiegk logking\at the anede Stewsture oA ttle proidalal | y

active coaling on gholdifth ffrelk Mekiife ¢ her eof

Figure 6 is a cross-section of the bottom part of the module according to the

present invention; and

Figures 7 and 8 are respectively an isometric view and an end-view of an

abrasion device.

Figure 9 is a view of one embodiment of gasket for use with electrode structures

of the invention;
Figure 10 is an enlarged detail view of part of the gasket in Figure 9; and
Figure 11 is a cross-sectional view of the gasket,

- In Figures 1 and 2, a pan (1) is formed with a flange (2) and dished recess (3) in
which are formed inwardly projecting frusto-conical projections (4) (in Figure 1) or outwardly
projecting frusto-conical projections (5) (in Figure 2). An electrically conductive post (6) on
which a spider (not shown) is mounted is electrically connected to each projection (4) or (5). It
will be observed that the posts associated with the cathode structure are considerably longer than

those associated with the anode structure. In the case of the anode structure, the posts may be



5 55. An assenbly as clainmed in Claim54 in which the current carriers (7)
are all attached to the plate (8) on one side of the latter, e.g. an
uncoated face of the plate. 56. An assenbly as clained in ang Nove2§ C ai ns
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engagi ng the nenbrane to forma pinch seal therebetween. 63. An

el ectrol yé‘F%deE:@Il}-, fuel cell or an assenmbly as clained in Claim®62 in which
the inner periphery of each gasket is protected by a chem cally resistant
i ner (32) which 20 extends over the protrusion. 64. Apparatus as clained
in Caim25 or a nitielefecasde btaicads iof! thel gresen? mvemtiothingy be used in filter press

electrolysers, modular cells and fuel cells. Figure 3 illustrates a unit in which two électrode
structures é.re coupled to form a bipolar electrode assembly for use in a filter press electrolyser
or a fuel cell, the electrode structures in this case being assembled with the anode and cathode
projections (4, 5) nested. Figure 4 illustrates a unit in which the electrode structures are coupled
together with a separator therebetween for use in a modular electrolyser or in a fuel cell. In both
cases, it will be understood that once a number of the units have been assembled, the net effect
will be that adjacent anodes and cathodes, whether part of the same unit or parts of separate

units, will have their projections (4) nested with each other.

" Referring to the bipolar electrode assembly of Figure 3, an anode structure as
illustrated in Figure 1 and a cathode structure as illustrated in Figure 2 are electrically
conductively joined back-to-back by an abrasion device (12) disposed between the inwardly
projecting frusto-conical projection (4) on the anode structure and the outwardly projecting
frusto-conical projection (5) on the cathode structure, the arrangement being such that when the

two structures are urged together, the abrasion devices afford good electrical continuity between
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"kt HPwBx By $z $x YNESBhawn 1:9F1gure 6, the anode structure is provided with () an anode supply
tube (15) concentric with the inlet tube (19) formed with ports (24) and (b) baffles (21) mounted
on the inwardly projecting projections (4). The cathode structure is provided with (a) cathode
supply tube (17) concentric with the inlet tube (20) formed with ports (23) and (b) baffles (22)
mounted on the posts (6). The ports 24, 23 in inlet tubes (19) and (20) are formed such that
liquor discharged therefrom is directed towards the back of the pans behind baffles (21) and (22)
to aid mixing. Th e baffles 21, 22 serve to partition the anode and cathode compartments into
two communicating zones to provide liquor recirculation as previously described. The baffles
21, 22 (not shown in Figures 1 to 3) extend vertically within the anode and cathode
compartments from the lower end of the electrode structure to the upper ends thereof and form

two channels within each electrode structure which communicate at least adjacent the top and
bottom of the structure.

As shown in Figures 7 and 8, an abrasion device (12) is provided with four sharp
projections (34) on one face of the washer (35) and four sharp projections (36) on the other face
of the washer (35) so that when adjacent cathode and anode structures are loaded in

compression, the projections bite into the material of the cathode and anode pans.

Referring now to Figures 9 to 11, each gasket (14) may be of generally rectangular
configuration with holes (some of which are depicted by reference numeral 2A) for registry with
the holes in the ﬂanges (2) so that the gaskets are compressed as the electrode structures are
drawn together to clamp the separator/membrane (13) therebetween. Each gasket is locally
enlarged at its inner periphery to form a nose (30) which projects beyond the plane of the gasket
on one side thereof. The gaskets are assembled to the electrode structures (8) with their noses
(30) in contact with the adjacent face of the membrane (13). In the region of contact with the
membrane ( 13), each nose (30) may be of generally part-circular configuration in cross-section.
By virtue of this localised enlargement of the gaskets, as well as being compressed between and
sealed by the adjacent planar faces of the gaskets, the membrane (13) is additionally pinched
between the noses (30) thereby producing a pinch seal which is particularly effective in

preventing seepage or "wicking" of cell liquors through or along the structure of the membrane
(13). ,
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When an anode or cathode plate of the electrode structure is in need of
refurbishment or replacement, it may be removed from the structure by removing the cushions
(9) to expose the central sections (40) of the spiders (7) and thereby allow their detachment from
the posts or, where no posts are present, from the the electrode pan or bipolar plate. For example,
where the central portions of the spiders are welded, e.g. spot welded, detachment may be
effected by trepanning through the spot weld using a drill or milling tool. Where the central
spider portions are engaged with the posts (or pan) viaa fixing screw or push fit connector,
detachment is effected by removing the screw or other connector. In some cases, the welding
system employed to attach the central spider portions may be designed to give only weak welded
joints so that the spiders may be detached from the posts, pan or bipolar plate simply by
breaking the welded joints using physical force. Once the spiders have been detached, the anode
or cathode can then be removed for refurbishment or replacement with a fresh electrode
assembly comprising an anode or cathode with an array of spiders arranged to correspond with
thé locations of the posts or projections (if no posts are present). The new or refurbished

electrode assembly is then physically and electrically reattached, for example by spot welding,
threaded fasteners or push-fit connectors.

Where the method of attachment does not involve welded joints, e.g. threaded
fasteners or push fit connectors, conduction enhancing means such as star washers, abrasion
discs or conductive coatings, may be inserted between or applied to the central portion of the
spider and/or the surface of the post, pan or bipolar plate. Optionally where needed to secure a .
good physical and electrical join to the replacement anode or cathode, the rough surfaces of the

post, pan or bipolar plate exposed by removal of an electrode structure may be dressed using for
example a linishing tool, sanding tool, file or the like.
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(1) a pan (1) with a dished recess (3) and a flange (2) around the periphery thereof for

supporting gasket means (14) for sealing a separator (13) between the flanges (2) in
5  adjacent electrode structures (Fig 1; Fig 2), which separator (13) is disposed between

the surface of the anode (8) of a first electrode structure (Fig 1) and the cathode (8) of a
second electrode structure (Fig 2) such that the anode surface is substantially parallel to
and faces but is insulated and spaced apart from the cathode surface by the separator
(13) and is hermetically-sealed to the separator;

10 (i) an electrically conductive plate (8) spaced from the pan;
(iii) an inlet for liquor; and
(iv) an outlet (11) for fluids;
wherein the plate (8) is electrically connected to the pan (1) by means, optionally in the
form of a plurality of electrically conductive members (6) to which the electrically

15  conductive plate (8) is electroconductively attached, which provide electrically
conductive pathways between the pan (1) and the electrically conductive plate (8) with
the proviso that, where the plate is an anode plate, it may optionally be directly
electrically connected to the pan; and wherein, where the electrode structure is an anode
structure, the dished recess (3) is provided with a plurality of inwardly projecting

20  projections (4) and, where the electrode structure is a cathode structure, the dished
recess (3) is provided with a plurality of outwardly projecting projections (5) such that
the inwardly projecting projections (4) in the dished recess of the pan of the anode

structure (Fig 1) mate with the outwardly projecting projections (5) in the dished recess
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2. An electrode structure as claimed in Claim 1 wherein the electrically conductive

5 plate (8) is flexible.

3. An electrode structure as claimed in Claim 1 or 2 wherein each projection (4, 5)

is electroconductively connected to an electroconductive member (6).

10 4. An electrode structure as claimed in any one of Claims 1 to 3 wherein the
projections (4, 5) are spaced apart from each other in a first direction and in a direction

transverse to the first direction.

5. An electrode structure as claimed in Claim 4 wherein the projections (4, 5) are
15  spaced apart by the same equal distance in the first direction and in the transverse

direction.

6. An electrode structure as claimed in any one of Claims 1 to 5 wherein the
projections (4, 5) are frustoconical.

20
7. An electrode structure as claimed in any one of Claims 1 to 6 wherein the

electrically conducting members (6) comprise posts.
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multi-legged current carrier, adjacent the electrically conductive plate (8) to make

multi-point electrical contact therewith.

9, An electrode structure as claimed in Claim 8 wherein where the electrode
structure is an anode structure (Fig 1) provided with current carriers in the form of

relatively non-springy spiders with short legs (38).

10 10.  An electrode structure as claimed in Claim 8 wherein where the electrode
structure is a cathode structure (Fig 2) provided with current carriers in the form of

springy spiders with long legs (38).

11.  An electrode structure as claimed in any one of Claims 1 to 10 wherein an inlet
15 tube (19, 20) is provided at the bottom of the electrode structure, preferably extending

from one side thereof to the other.

12. An electrode structure as claimed in Claim 11 wherein ports (24, 23) are spaced
equidistantly along the inlet tube (19, 20).

20
13. An electrode structure as claimed in Claim 12 wherein the dimensions of the

ports (24, 23) are such that pressure gradient along the inlet tube (19, 20) is minimised.
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is fed to the inlet tube (19, 20) at one end only.

15. An electrode structure as claimed in any one of Claims 11 to 14 wherein the
5  supply tube (15) to the inlet tube (19, 20) extends along the inlet tube until it almost

reaches the dead-end thereof,

16. An electrode structure as claimed in any one of Claims 11 to 15 wherein the
supply tube (15) to the inlet tube (19, 20) is made of a non-conducting material and

10  preferably extends along the inlet tube.

17.  An electrode structure as claimed in any one of Claims 1 to 16 wherein one or
more baffles (21, 22) are provided therein to form a first channel between a first side of
the baffle and the electrically conductive plate (8) and a second channel between the

15 second side of the baffle and the dished recess (3), wherein the first channel provides a
riser for the gas-filled electrolyte to ascend to the outlet header at the top of the structure
and the second channel provides a downcomer for degassed electrolyte to fall to the

bottom of the structure.

20 18.  Anelectrode structure as claimed in Claim 17 wherein the baffles (21, 22) are

disposed vertically.

19. An electrode structure as claimed in Claim 17 or 18 wherein where the electrode

structure is an anode structure (Fig 1) made of titanium or an alloy thereof the baffles
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5 20.  Anelectrode structure as claimed in any one of Claims 17 to 19 wherein where
the electrode structure is an anode structure (Fig 1) the baffles (21, 22) are mounted on
the inwardly projecting projections (4) in the anode pan and wherein where the
electrode structure is a cathode structure (Fig 2) the baffles (21, 22) are mounted on the
electrically conductive members (6).

10
21. An electrode structure as claimed in any one of Claims 17 to 20 wherein the
baffle (21, 22) comprises a plurality of pieces each of which extends across the structure

with a horizontal gap between them,

15 22, An electrode structure as claimed in Claim 7 or any one of Claims 8 to 21 when

dependent on Claim 7 wherein the posts (6) are load bearing.

23.  Anelectrode structure as claimed in Claim 22 wherein the ends of the load
bearing posts (6) are aligned with holes in the electrically conductive plate (8).

20
24.  Abipolar unit characterized in that the pan of an anode structure (Fig 1) as
claimed in any one of Claims 1 to 23 is joined to the pan of a cathode structure (Fig 2)

as claimed in any one of Claims 1 to 23 such that the inwardly projecting projections (4)
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5  a)current distributing means;
b) at least two bipolar units (Fig 3) mounted on a mounting frame and assembled in
series both mechanically and electrically; and
c) gasket means (14) for sealing a separator (13) between the flanges (2) of adjacent
anode and cathode electrode structures (Fig 1; Fig 2),

10 characterised in that the bipolar units are bipolar units as claimed in Claim 24.

26. A module (Fig 4) characterized by comprising:
(a) an anode structure (Fig 1) as claimed in any one of Claims 1 to 23 and a cathode
structure (Fig 2) as claimed in any one of Claims 1 to 23;

15 b) aseparator (13) disposed between the anode plate (8) and the cathode plate (8) such
that the anode surface is substantially parallel to and faces but is insulated and spaced
apart from the cathode surface by the separator (13) which thereby divides the module
into separate anode and cathode compartments;

c) gasket means (14) sealing the separator (13) between the flanges (2) on the periphery

20  ofthe pans (1); and
d) means to apply pressure to the gasket means (14) to hermetically seal the separator
(13) thereto; wherein
i) the inwardly formed projections (4) of the anode structure of a module being arranged

in such a way as to mate with the outwardly projecting projections (5) of the cathode
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Claim 24, preferably with electrically conductive load bearing posts, and associated

separators interspersed between the anode and cathode structures.

27. A modular bipolar electrolyser apparatus which comprises one or more modules
(Fig 4) assembled on a mounting frame, the modules being in series both mechanically
and electrically where two or more modules are provided; and

current distribution plates at each end of the electrolyser,

10 characterised in that each module (Fig 4) is a module as claimed in Claim 26.

28.  Apparatus as claimed in Claim 25 or 27 wherein electrical conductivity between
adjacent modules (Fig 4) in the modular bipolar electrolyser of Claim 27 or between
electrode structures in the bipolar unit (Fig 3) of the apparatus of Claim 25 is achieved

15 by direct contact between adjacent modules or adjacent electrode structures.

29. Apparatus as claimed in Claim 25 or 27 wherein electrical conductivity

between adjacent modules in the modular bipolar electrolyser of Claim 27 or between

electrode structures in the bipolar unit of the apparatus of Claim 25 is enhanced by use
20 of aconductivity enhancing material or device (12) between adjacent modules (Fig 4)

or adjacent electrode structures (Fig 3).

30. Apparatus as claimed in Claim 29 wherein the conductivity enhancing device is

an electrically conductive metal washer (12) adapted to cut into the pan.
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structure (Fig 1) to provide electrical contact between the inwardly projecting

MAXY: K@
an anode

projections (4) and the mating outwardly projecting projections (5) in the pan of an

5 adjacent cathode structure.

32. A module as claimed in Claim 26 when dependent on Claim 22 or a filterpress

bipolar electrolyser as claimed in Claim 25 when dependent on Claim 22 wherein the

ratio of the length of the electrically conductive pathway through the cathode post (6) to

10 the electrically conductive pathway through the anode post (6) is at least 2:1, preferably

at least 4:1 and more preferably at least 10:1.

33. A module as claimed in Claim 26 or filter press bipolar electrolyser as claimed

in Claim 25 wherein the means to apply pressure to the gaskets to hermetically seal the

15 separator thereto is provided by bolts through holes (10) in the flanges (2).

34, A module as claimed in Claim 26 when dependent on Claim 22 or filter press

bipolar electrolyser as claimed in Claim 25 when dependent on Claim 22 wherein

electrically insulating, load transferring cushions (9) are disposed at the ends of the

20 electrically conductive members (6) adjacent the electrically conductive plate (8).

35. A module as claimed in Claim 26 or filter press bipolar electrolyser as claimed

in Claim 25 wherein the separator (13) is a substantially electrolyte impermeable ion

exchange membrane.
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place, in use, in the non-electrolysis area in each structure above the electrolysis area

5  where there is no membrane exposed to the liquor.

37. A module as claimed in Claim 26 or a filterpress bipolar electrolyser as claimed

in Claim 25 wherein the gasket means (14) are made from a plasticised EPDM resin

10 38 A module as claimed in claim 26 or a filterpress bipolar electrolyser as claimed
in Claim 25 wherein the gasket means (14) is provided with a chemically resistant nose

(30) on its inner edge.

39. A module or a filterpress bipolar electrolyser as claimed in Claim 38 wherein the

15  chemically resistant nose (30) is made from PTFE.

40.  An electrode structure as claimed in any one of Claims 1 to 23 provided with an
outlet header (11) in which, in use, gas/liquid separation takes place in the non
electrolysis area of the structure, above the electrolysis area.

20
41. A process for the electrolysis of an alkali metal halide characterised in that it is

carried out in a bipolar electrolyser as claimed in Claim 25 or 27.
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electrically, characterised in that the bipolar units are bipolar units as claimed in Claim

5 24,

43, A method for producing a modular bipolar electrolyser as claimed in Claim 27
which comprises assembling two or more modules (Fig 4) on a mounting frame in
series both mechanically and electrically and providing current distribution plates at

10 each end of the electrolyser, characterised in that the modules are modules as claimed in

Claim 26.

44. A bipolar unit as claimed in Claim 24 or a module as claimed in Claim 26 in

which the anode plate (8) and/or the cathode plate (8) has an electrocatalytically active

15 surface.

45. A bipolar unit (Fig 3) as claimed in Claim 24 or a module (Fig 4) as claimed in
Claim 26 in which the length of the electrically conductive pathway between the anode
pan and the anode plate is shorter than the length of the electrically conductive pathway

20 between the cathode pan and the cathode plate.

46. An electrode structure as claimed in Claim 1 in which:

the pan (1) has a base and side walls projecting from the base to form the dished fluid

receiving recess (3);
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5  each hollow proj ection accommodates an electrically conductive element (6) providing

electrical continuity between the apex of the projection (5) and the electrode plate (8).

47. An electrode structure as claimed in Claim 46 in which each element (6)
comprises a post which is electrically connected to the electrode plate (8) through a

10 number of conducting legs (38) which radiate from the post (6).

48. An electrode structure as claimed in Claim 1 in which:
the pan (1) has a base and side walls projecting from the base to form the fluid receiving
recess (3);
15 the electrode plate (8) is mounted in spaced confronting relation with the inner surface
of the base;
the projections (4; 5) are hollow and are provided in the base of pan;
each hollow projection has associated therewith a current carrier (7) which provides
electrical continuity between the apex of the projection (4; 5) and the electrode plate (8)
20  and is connected to the electrode plate through a number of electrically conductive legs

(38) which contact the electrode plate (8) at different locations.
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structure all project exclusively in the same direction.

5 50. An electrode structure as claimed in any one of Claims 46 to 49 including one or
more baffle elements (21, 22) located between the base of the pan and the electrode
plate (8) so as to partition the space between the base and the electrode plate into two

communicating fluid flow zones.

10 51.  An electrode structure as claimed in Claim 47 including one or more baffle
elements (22) located between the base of the pan and the electrode plate (8) so as to
partition the space between the base and the electrode plate into two communicating

fluid flow zones, the baffle elements (22) being mounted on said posts (6).

15 52, An electrode structure as claimed in Claim 48 in the form of an anode structure
(Fig 1) in which said projections (4) extend towards the anode plate (8), the structure
including one or more baffle elements (21) mounted by said projections (4) between the
base of the pan and the electrode plate (8) so as to partition the space between the base
and the electrode plate into two communicating fluid flow zones.

20
53.  An electrode assembly for use with an electrode structure as claimed in any one
of Claims 1 to 23, 40, and 46 to 52, comprising an electrically conductive plate (8) and
an array of current carriers (7) attached to one major face of the electrically conductive

plate, each current carrier comprising a plurality of legs (38) connected to the plate (8).
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electrocatalytically active coating on at least one major face thereof.

5 55, An assembly as claimed in Claim 54 in which the current carriers (7) are all

attached to the plate (8) on one side of the latter, e.g. an uncoated face of the plate.

56. An assembly as claimed in any one of Claims 53 to 55 in which the current
carriers (7) each comprise a central attachment portion (40) from which the legs (38)

10  radiate.

57. An assembly as claimed in any one of Claims 53 to 56 in which the legs (38) are

resilient to allow flexing thereof.

15 58 An assembly as claimed in any one of Claims 53 to 57 in which the current

carriers (7) are fabricated from the same material as the plate (8).

59. An assembly as claimed in any one of Claims 53 to 58 in which the electrode
plate (8) is foraminous.

20
60. A current carrier (7) for use with an electrode structure as claimed in any one of
Claims 1 to 23, 40, and 46 to 52, characterized in that it comprises a central attachment
portion (40) from which a plurality of legs (38) radiate, the outer extremities of the legs

being in a different plane to the attachment portion.
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niobium, tantalum, tungsten, nickel or an alloy consisting principally of one or more of

5  these metals.

62. In or for an electrolysis cell or a fuel cell, an assembly comprising an anode
compartment including an anode plate (8), a cathode compartment including a cathode
plate (8) and an ion exchange membrane (13) located between the plates (8),

10 characterized by the membrane being sealed at or adjacent its outer perimeter by a pair
of gaskets (14), each gasket comprising a frame for compression together with the
frame of the second gasket between a pair of flanges (2), characterized by each gasket
having a resilient protrusion (30) on one side thereof which is located at or adjacent the
inner periphery of the frame and remote from the outer periphery of the frame, the

15 gaskets being located one on each side of the membrane (13) with their protrusions (30)

in registry and engaging the membrane to form a pinch seal therebetween.

63.  Ancelectrolysis cell, fuel cell or an assembly as claimed in Claim 62 in which the
inner periphery of each gasket is protected by a chemically resistant liner (32) which

20  extends over the protrusion.

64.  Apparatus as claimed in Claim 25 or a module as claimed in Claim 26 in which
the gasket means (14) includes a gasket provided with a chemically resistant liner (32)

on its inner edge.
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10 66. A method as claimed in Claim 66 in which refurbishment of the electrode plate

includes replacement of at least some of the current carriers .

67. In or for an electrode structure as claimed in any one of Claims 1 to 23, 40, and
46 to 52, a unit as claimed in Claim 24, an electrolyser as claimed in Claim 25,a

15 module as claimed in Claim 26 or apparatus as claimed in Claim 27, an
electroconductive metal device (12) adapted to (a) abrade or pierce the surface of the
pan (1) by cutting or biting through any electrically insulating coating thereon, e.g. an
oxide layer, and (b) at least inhibit formation of an insulating layer between the device

and the surface of the pan.



