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“particular for the el ectrochem cal preparation of chlorine The invention
relates to an electrolysis cell which is suitable, in particular, for the
‘el ectrochem cal preparation of chlorine ftem aqueous solutions of hydrogen
-5 chloride. Aqueous sol utions of hydrogen chloride, hereinafter referred to
as hydrochloric acid, are obtained as by-product from many processes, in
particul ar thERetrolysistvellhingrayticilar fiordthe elechechemivabpreparation obdhdeting el y
chlorinated by neans of chlorine. The 10 recovery of chlorine fromthese
hydrochloric acids, so that it can then be used, for exanple, for further

chl orinationsyyd yefigie A foPd] ¥1ekipd196i§ LI Rehid N QftableClH PAriiBRars @8k thbor
exanpl e, be recovered electrolytically from hydrochloric acids.
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chl ori ne 1352 a{:‘l_l 15 electrolysis cell. An anode chanber provided wth a
suitabl e anod®od%G 4 titani um el ectrode coated or doped with noble netal,
is filled with the aqueous solution of hydrogen..n chloride. The chlorine
formed at the anode | eaves the anode chanber and is passed to a suitable

wor k- up. The Anuetws sblatibes off ydsegea chiosides haseinafterseferdéd to putsdsechigricacid,

commerci al cation: exghange rane. On the cathod id a._Qas .
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current di strihRisb@ibdrS chpaiRid Rehoidativesy ohleridhted Usi aieatd *Ctdbisine. Gaf
diffusion electrodes are, for exanple, oxygen-consumi ng cat hodes (QCCs
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the case Y arecorry &6 chlesingiffamy shese hyehlopa acidsnsaothplEfan Shambs pirg )s or
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chanber has t garh)forrexampke betkcaverad blegihe ytiqallySeum aydroetiiotihecidat hode chanber .

As a result, the cationexchange nenbrane is pressed onto the gas diffusion
el ectrode and this in turn is pressed onto the current distributor. The

pressure can p‘g)r-g%ﬁﬁddiscfl&res W@éxs@’oﬁ%d&%l&%%i& Qf%&ﬁm&ﬁ dohe

chl ori ne gas med i n the anod S conveye i gh oxygen
pressure 15 t blectealydiodell.chmabede ¢immidy prividpdowsh beuielle anodd, eagrle titaniam ower

vol tage and thus tp decreased ener onsunpt.i an. . Ha er, the electrolysis
cel | known fr SWF‘E%&AQCEF"??@‘, g%@gh‘ﬁ’éﬁ% edpgtgﬁ\}%%ﬁ‘éé” lﬁﬁé‘te 4HEYSy Sé’é‘gtlﬂneoé n
the cathode ngmgén cHlofde. [THR PINFIRToRE&SKULE anSRNelResthE it @fa@Bbyanthen
the pressure I n“the anode chanber is increased simnultaneously, since

ot her wi se t heisgpassell fdf assutable|vearkrupd dhee sanpde Ishemberaly separpted Heor 1 eathede

collector and js .no, onger in.contact with it. si mul t.an i e in
the pressure Filia“tﬂ?Fé bé'n%%8m8}?§%e?atn@8ﬁx5 angk H?%B@&“‘?-m??er ?%F‘F%? %g%,y@g%
neans of g@st Wiffifsionuelettice Rl fneEarth@Nwith Ghé Ratien-exdhafbey Seimbrime roasimegt t he
pressure only in the anode chanber can, in the case of the known cell 10

design, |ead distiteorgajpostedihebinddhogrs diffusionelestiodss SlaaABisipalsclvdep®Png
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and thus to
diffusion electrode, an oxygen-containing gas or pure oxygen is usually passed into

the cathode chamber and reacted at the OCC.

n

25
In the electrolysis cell described in US-A-5,770,035, the anode chamber has to be
maintained at a higher pressure than the cathode chamber. As a result, the cation-
exchange membrane is pressed onto the gas diffusion electrode and this in turn is
pressed onto the current distributor. The pressure can be generated, for example, by

30 the tube through which the chlorine gas formed in the anode chamber is conveyed

MV

*159159*

AN

*G00002*

dipping into a liquid.




increased energy consunption. It is an object of the invention to provide
“an electrolysis cell, in particular for the 15 el ectrochem cal preparation
of chlorine from aqueous solutions of hydrogen chloride, in which it is
ensured that the anode, the cation-exchange nenbrane, the gas diffusion

-el ectrode and the current collector are in direct contact wth one anot her
even in the case of a pressure difference between anode chanber and cat hode
chamber. 20 TH lsighbkpgen pressarchinéhvechtizpieahdinher is advdntagenusebrcause ibleadhie a
features of aiml. The Iectrﬁgxsis cell of the invention has.an ?node

and a current ‘CHI% Upgs fh(‘}ﬁ to, AECTERSEL SPEI8Y YRRtV EY & SRS hode
frame, respectily fn¥wn fr6@l USLIA SXEAIGChA tHEEHRARARtaLS thACHESsteRatdRELIhd he
anode and the current collector and a gas diffusion electrode is |ocated
bet ween cat i oxathaddchagebensreh thenexygen prassurentandsl inersassd onfy wheon the pressure ence

of a gap between these conponents even in the case of . far exanpl €. .
pr essgr 2 d? ff&h ﬂwc%@a%éﬁ%@% 1§ H@r%ﬁgﬁgnglﬂaxéeogﬁla, PIReS eleae i%r}g,dlqﬁﬁéorhnode
and/ or the CURlBRbICRIPuSKddOwR) RbthShe B6:@&Ht GoNEtdrOaridlie nb ¥k P Bontact with

el astically 30 connected to the anode frame or the cathode frame. Ow nd? to
the el astic cdtndesimutanequsfinereaseiin the pressurctin thé@nedeoehamberican be Hehigved ent

Col | cctor anaiherRYCOMIORT nirRCRt sl st RHeRRs o, HET PBHhGH,

anode. | n thi $nopeasingt the padaode onlyhia th@ancie-chx@banga, et casef the kdoviheslpas
diffusion electrode and the current collector are held together so that no
gap or i nfl@r ndgsisn.eclegp atoe thea gap chalivedse pirde, ap¢ cpdiongychange Jembragg being
undesirable in j e j ] j i

andi or ' the. curiSHERE ek Ree RAEAIArabR, B ) B Bhetithe yIEREaATBRE e
forces acti ngiuredsbé ewsrgyleomanhption.t he current collector. It is |ikew se
possi bl e for the anode and/or the current collector to be connected to the
anode frame or cathode frame in such a way that tensile forces which are in
each case dir ed, | bl ki dp, pticdly tdaghaenode
or the curren?%soﬁ g@teéot:ﬁqg 1&}%&8{?&9 ﬁiﬁgenglgg%gggl}%?tc?ﬁ’e c%ﬁ ent coll ector
el astical Il§, teleetracteddcdlr arapamtion abh adidorinea fiont aaqubense sahtiohsaisafi dydrogen

construction of. be provided with a lastic element. Preference is giyen to
at |east one é:F‘]é’é"ﬁchhﬁblﬁﬁr’rb‘seefnéwatt,ﬁatﬁg? 2 eecﬁlogﬁxf%ﬂfgeﬂ?’% af“'g $%i ned
to the anode fhamBfiMiod REcEBENQAHE i€ aTBreRe COBecRITON: dadd &R donfét aFithl Bne

preference isgiven to providing a plurality of holding elenments which are,

in particul ar anathemeyerd in the casgyof ar pressihe chiferehes hetwsien anere rehamber, prd
preferably arraﬁgﬁd no% or configured in such a way that an essentially

uni f orm pressdf gcl‘ia‘% Fed to the anode and/or the current collector. The
force perognit area is thus essentially equal at all points on the anode or
the current collector in the case of 20 essentially flat anodes or current
col l ectors. THehehiestigaadneved aeeording to therinyentipy by di feaurespf4daigpli ng

el ements which can be, for exanple, leaf or helical springs. The hol ding

el enents are preferably either connected directly to the frame or connected
via a back walTheddledtiiodysisdieofcthe viehticteh@Sanchrdband aeutrhet adlectos phidii arg
frame. The size of the anode and/ or urrent collector isaﬁref erablg

he
selected so t rsapPeredchynath anqds g ang ¢ Gathode FrametrsPerHyelyo AsCAlgR-exehang
agai nst  0rpson 4 hey Hh aiEockBebaRRELthe anode and the current collector and a gas diffusion

electrode is located between cation-exchange membrane and current collector. To
avoid occurrence of a gap between these components even in the case of, for
example, pressure differences between the anode side and the cathode side, the
anode and/or the current collector are/is, according to the invention, elastically
30 connected to the anode frame or the cathode frame. Owing to the elastic connection,
a force is applied to the anode and/or the current collector, so that the anode is
pushed in the direction of the current collector and/or the current collector is pushed

in the direction of the anode. In this way, the anode, the cation-exchange membrane,




and/ or the current collector are/is thus held solely by the hol ding el enent
"or 30 elenents. In a particularly preferred enbodi nent, electrical contact
to the anode and/or to the current collector is |ikew se established via
‘the hol ding el enents. An additi onal -4-2tectrical connection to anode
-and/ or current collector can thus be omtted in this preferred enbodi nent.
The el astic fixing of anode and/or current collector can be achieved, for
exanpl e, by nhapsas diffusioni elepsrode and Her custept toliector [age held degsthey so thdt astgdap

connections such as carbon felts or tal. spopges. The elastic fixing is
preferably 5 ACRICENEY2IGFPIHELAR OpFUr epiﬂéesgv&?ﬁb?fli[’lfﬂ]rur‘élﬁ%{@%elpcrs‘?ﬁﬁqlﬁgs of
titani um or tf’h{:%gggﬂ SlbioNs idawided as holding elenments since these are

e cC

not damaged by t em cal substances present in the electrolysis cell. To
i nprove the electrical conductivity of the titaniumsprings, it is also

possible to use, for ex e, copper,, spri ngs i [ h i

it ani um S0 THe aadle Tarote e GEBE FrHthr e postiabise RS TG RN By risfure
suf ficient fofyidiaclifgbh iRanoAERAESSINéRuirehiCRSlettor. IeisikRseRtpossiblelter the
assenbl ed state of the electrolysis cell. The cell construction according

to the i nvent imdecmdiordhe chaenttdodieetan ik bp sonmectd; wcthe ERode fagmet offatpdene
cation- eXChanﬂf‘?@g‘égb%ﬁgeq ﬁg&a@]ﬁ{ Pe%sfl@.tf&%%s \whidH afd {ne%%chcgﬁga(ﬁ{'ecxd:ﬁ H«]%: gas

diffusion ele SIS inhturnin drect contac

current col | egfrétioniof the dthételdcivdeadtdnnke grde e thvamrehtlleownonent s
mentioned. This is also reliably the case when the electrolysis cell is
operated 1% such a way that different pressures prevail in the anode

chanber and i ?8?@@(]' @géﬁés)%ear?a e’f%f’éurre%?co-lﬁk%to"i‘@&gﬁcafllg[agﬁfé agg&gh R GREARGR

frame are pre resistant nateri . g. tlt'anlumor
titani um al | ofameoainchaver atl @pestic wiohstruvtibh eornied providdd efithr amctastis efgmyent. t o

using gas diffusion e]ectrodes i ch cont ai . catal yst .of the.25 pl.ati num
metal group, BredeTERGEHISySINERIQ AL tRAsH orf'%ﬁlaf‘tlfnﬁdgﬁlﬁt ‘?lﬁrﬁg%@rb@‘aﬁﬁ’&%a ey of

exanpl e of gagnilif §4sie kiRl anle GEcHRbad ol BUHLCHrooIIAPAIEAN by

wei ght of platinumon activated carbon and have 1.2 ng Pt/cn2 of
el ect r odel5 Suptedirercec & given etocprangingrenplusaiity ofr lagldibgr elemartp| whicheatdr tnes

made of 30 perfl uoroethyl ene. and cont ai ni.n | phopi ¢ aci d.group tive
centres. For B%WgPRE a‘ir%s’ge Bod siegplar taflﬁsq\.‘l%rg @g%%é’f(ﬁ?%le HRTHST & ee§§?f?§aﬁ1®c
DuPont, for igshan@e.ddis (oamBLRACnNAch W wapdfat BOEResidlg! enifotirepresRidianes

whi ch have sul phonic acid groups having identical equival ent wel ghts on
bot h si des andppliadbioathesanatlé @hdlenke currgnt collector. The force per unit area is thus

essentially equal at all points on the anode or the current collector in the case of

20 essentially flat anodes or current collectors.

The holding elements are preferably configured as spring elements which can be, for
example, leaf or helical springs. The holding elements are preferably either
connected directly to the frame or connected via a back wall of the anode or cathode

25  chamber to the corresponding frame.

The size of the anode and/or the current collector is preferably selected so that it can
be located within the frame and does not rest against or on the frame. The anode
and/or the current collector are/is thus held solely by the holding element or

30 elements.

In a particularly preferred embodiment, electrical contact to the anode and/or to the

current collector is likewise established via the holding elements. An additional



sul phoni ¢ acid groups having different equival ent weights on the two sides.
Menbr anes havi ng carboxyl groups on the cathode side are |ikew se

concei vabl e. Suitable anodes are, for exanple, titanium anodes, in
‘particular those having an acid 5 resistaat, chlorine-producing coating,
-e.g. as based on rutheniumcoated titanium The cathode-side current

di stributor can be nade, for exanple, of titanium expanded netal or

titani um coat géctritilhconabdtnnet alode hnd/oalcteentatalleetor cars ittatsabret omittedringhs can

al so be used. 10 The electrolysis.cell. of the invention is suitable, .in
particul ar, fpiefared @F@@t‘m%hﬁf clastip fxing 9 St |°d‘ﬁeH%°$ﬂ68 r£ahedSus
sol uti ons of e ri.d j ] @itive "B ha
chi ori de. in BUFERECR: Shahlel By HeaBHEmBAU AR Hetlqall cPhfifiiveBhale
bei ng used, t bsnectiwsisueh iam chfben deltshodmetah aptieges.i Thepelaster fiking ispeefereblyt han

that in th d hanber if the. . ent | | i.s h | astical.ly. |
ii's case,s t hETor 1A pGREITAIOr Aesali PR RERy RRrRadioy SPERE I 2B AR

chanber can b@l’log’soa{re%@d@é Boldidy ERMehRNGcel thed® fte bt lamho&Rby the/th&niealt er
differential pressures are also possible. The differential Eressure is
ca

preferably freuhsBRcesopre@nsiOthetedectrolysist¢edl. Andupravs the elecicakeandartixity of i s
advant ageous for.the pressure in the.anqde chanher to be greater i. t hat
" Ehe. oat hodHeGHERETPTBES 1o aite TOSHPBIP AEk [ TGRS Sores? o ugsayhig e

chl ori ne whi chyGardRattgamash. out using the electrolysis cell of the
invention is described in greater detail for, by way of exanple, the
reaction ® aqueous sol utions of hydrogen chloride. The reaction of alkali

nmetal chlorides, . in particul ar sodi C . i S, i i bl e,
can be ear ned(‘?‘bﬁ{1 tp'ﬁ ago‘éﬁ'ﬁs?sf’géeds %ﬁ%gdw%ﬁédﬁgg%%%@ lg g‘rllgfcféln:t)ns E}%ﬁﬁga\ie?ri ed
i f necessary. gfpre@si¢@fdryesQd be bfedentlin dRsssentledstyga tiosiearalysigeelas, for
exanpl e pure oxygen, a m xture of oxygen and inert gases, in particular
nitrogen, or air, preferably oxygen or an oxygen-rich gas, is passed into
the cathode cRYIDGH.onstiftidhachYs g% Ctﬂé‘ﬁlﬁ/'eﬂﬁﬂge&%&sqﬁﬁdthb nB& {sl ikt ¥
preferably pure oxXygen, i1 n particuFar oxygen having a purity of at |east
99% by voli §ime coftadtOwith eheooatiparexclamiga inminmlsyangs shat the tadter rsaipl direce dontactiwithsuch

t that n, i, t t 0i chi i \ b d
heanount  whileneisssiuon ettt gad Lt AbE o0t th A SODRIAT DRI The

stoi chi omet ri SSel RI€: bQedn the! @nibdnkhE merihed. PI1ES & a8d ¥
from1.2 to 1$gﬁ%%|q‘rﬁ}éz?'t g{bgé(;{?ﬁ% et c ar.ngauntn‘?p The ex%ess oxygen can be
recycl ed, so trhlably the @ksowhehdhetlectrolysis eeld is eparitednin puchubavayi that different

[ r : ion: ~ + +
| mportance A%?gsgurrese grcetv!ai Pn thg ar'jgcile cha12nbgr1 &nd mé%heHc-:'-athodAé chamber.

20
The anode frame and the cathode frame are preferably also made of resistant

materials, e.g. titanium or titanium alloys coated or doped with noble metals.

Preference is given to using gas diffusion electrodes which contain a catalyst of the
25  platinum metal group, preferably platinum or rhodium. Mention may be made by
way of example of gas diffusion electrodes from E-TEK (USA) which contain 30%

by weight of platinum on activated carbon and have 1.2 mg of Pt/cm’ of electrode.

Suitable cation-exchange membranes are, for example, membranes made of
30 perfluoroethylene and containing sulphonic acid groups as active centres. For
example, it is possible to use commercial membranes from DuPont, for instance the
membrane Nafion® 324. Both single-layer membranes which have sulphonic acid

groups having identical equivalent weights on both sides and membranes which have



Cat hode reaction: &Z + 4 H+ + 4 e --~ 2 HZO 15 Overall reaction: 4 HO + Oz
-~ 2 Cz + 2 HzO0 (1) 20 25 30 The aqueous solution of the hydrogen chloride
is fed into the anode chanber. The tenperature of the aqueous sol ution of
‘hydrogen chloride introduced is preferabl-yyfrom 30 to 80C, particularly
-preferably from50 to 70C. Preference is given to using aqueous sol utions
of hydrogen chl oride having a hydrogen chloride concentration of from5 to
20% by wei ght sulphsiit cadidir groupy dbreingbiiffefent nequivalent 18%ights wei thiet twiRetidasdl ess
of the electrqglysis cell. accqrdi to the inyenti.qn ich.is chosen, the

el ectrol ysis i?‘égnb}?ré\“%*ﬁ%}“ﬁ Cé’gtﬂ"?'gg‘olﬁ?ﬁ ory eéa%?f’ %%13? @rv‘\e,qu(ef”I’\Sg Cgﬁ‘bﬂgﬁ’&anber
of greater than 1 bar absolute. The pressure in the cathode chanber is
preferably greater than 1 bar absolute, particularly preferably from1.02
to 1.5 bar, v&ujtaifanhodeslaes; for gxamply; titAnjuni anedes, i0pattisular thase having apaeidheen
found that, for .a gi n.currgnt. dena;ssjtyé th(li) eldectr | ysSi s can, be carried
out at a | owelSSigF a‘é’@?mfe.'%r.o YG1RE5 C9AREy & B8 PGS ACBHIUITBIE RO 4™ W Y her
pressure in the cathode chanber, i.e. a higher oxygen pressure. The

pressure in the cathode chanmber can be set, for exanple, by banking up the
oxygen- cont ai Mhegathade-fidd current distgbetar pandes madgrifer exaynple o Stapfurs expaadedir e

ot ube 5. i pprigeh o BaHF R o ndile R ARt RREHARe TR EP ARG LS

cl osed of f. RegdordeGise@n of the flow by nmeans of valves is |ikew se a
suitable nmethod of setting the pressure. The electrolysis cell of the
i nventionl0s described in nore detail below with the aid of 10 the

drawings. Int A NYS. . 1F . C VASY I AGt o
the i nenti on Tk S EENER et rshe By SRBIER LSS cAhi cREERICHRAL
shows an el ectprepaystioh 6fLhlofine dromh guéomstsodutiony exft hyainogehni dloritdes omaqugdus

el astically fastened anode,  Fig. 3 shows an el ectrolysjs cell according to
the i nventi on SpHitiens phan %ﬂﬁalbmégaﬂ Fligrifis, ip gartigpiags “F’Péﬁ{or‘éﬁ'l | ector and an

el astically fastened anode and Fig. 4 shows a further enbodi nent of the

el ectrolysis cell of the invention 20 having an elastically fastened anode.
The el ect risl ysWaecehd slestnolysis seHesdieingaiided, ithe pregsure in tthe gatbpdavchamber is

i ndi vi dual conpopents of the cell .with gaps .betweep themin the. inte ts
of clarity. | ﬁprgt%ragi% &ﬂﬁFeécfﬁ%‘} g@HBIt@% iago‘gae?}fanébceédfal?en‘éurf%u tcﬁge?t%/ésn{@%n,
the indivi dual ;;cHRRANEN s 8458, B differblitfaf plesiRObatociahdllcUh8mBBOidIathodey. 1
shows a first enbodi'nent of an electrolysis cell according to the

i nventi on. Thechambereern b forexamplel (n the rangssfrare M Q1lytof lbar i greaterdifderentialode

f 12. Th t hode f 12 .S i tu joined t . b I .
(12 12, Th° SEleu Lt T k. el M A B DR o T,
cat hode chgyrbeysohfibar

If the anode is held elastically, it is advantageous for the pressure in the anode

chamber to be greater than that in the cathode chamber.

25  In the following, a process for preparing chlorine which can be carried out using the
electrolysis cell of the invention is described in greater detail for, by way of example,
the reaction of aqueous solutions of hydrogen chloride. The reaction of alkali metal
chlorides, in particular sodium chloride, which is likewise possible, can be carried
out in a similar manner with process conditions being varied if necessary.

30
To carry out the process, an oxygen-containing gas, for example pure oxygen, a
mixture of oxygen and inert gases, in particular nitrogen, or air, preferably oxygen or

an oxygen-rich gas, is passed into the cathode chamber.



In the illustrative enbodi nent shown, the current collector 10 is held
‘elastically by neans of a plurality of helical springs 18. The springs 18
are fastened via connecting _g_pieces 20, e.g. Z-profiles or trapezoidal
profiles, to the back wall 14. To transmt-a uniformpressure fromthe
-springs 18 to the current collector 10, a plurality of regularly
distributed springs 18 are provided, depending on the size of the current
col l ector 10. For exanple, the springs 18 are arranged in a nunber of

hori zontal and 5 vertical rows to hqold an essentj] aé{iy rectangul ar current
col l ector 10. Tirmexyasnreontainipg gachsse lﬁLBalit@“]éﬁYPB‘if?f& e QXygen) opArigiar, |
t he assenbl ed LSl : 1 ode franme 12. The shape of
the seal 22 cof %}S‘E’S@?@é@ n{’flaaglth?a\ét%do%?) glos aé;:')e of the cathode frame 12.
10 Opposite the current collector 10, there is an anode 24 which is
supported by an anode frane 26. To fast e anode, 24 to the franme, the
anode 24 can, TheOXEsANEAINNG Has 43, pg%?qaﬁl?mfs gPap eh 8Hsa“b9u(9\t/?tbaéo°x8ﬁén[ He
anode frame 2 re@ént%ﬁ?rs‘ﬁ ?&ﬁ?ch%métﬁ@ﬁﬁ%%ﬁ@dse@%ﬁfthé Shodittsbed theorehealiack
wal | 28 (projections/profiles not shown 15 here). In a manner anal ogous to
t he cat hode chayuired add®rdinpdo aquation (i afie 2®ichitroctaineaeese4s preferablpdron well | 28
form an anode chanber 30. A gas diffusion.electrode 32 .and a

cati on-exchan&bgﬁ% Hee @ﬁefgﬁaﬁlyl %‘@E;ﬁ%?‘i’)ét Bi5St Ssgoh%%mﬁtﬁﬁ Aoy Ehe
current col | egiQis Ifkygdin@ali BEREERNE, Qb e massteichibieiin ert®R6 ik oge 0dR ar e
preferably such that ghis fully covers the current collector 10. On the

ot her handlQ) t kebardinptenmportancehange nmenbrane 34 is larger so that it is

| ocat ed between the two frames 12, 26 and is held in place by the franes
12, 26 in the assenbled state. Furthernore, to ensure that the two franes
12, 26 and thedowerébasmer s 4GICB0s ar el,seHEly 4seal ed, a seal 36 is

provi ded between the cation-exchange nenbrane 34 and the anode frame 26 and
a seal 22 is glathoddeehctionwee®:t het Hatt dre’excRah§e nenmbrane 34 and the 25
cathode frame 12. In this enbodinent, the gas diffusion electrode 32 is
pressed agai nst the cation exchange nenbrane 34 by the current collector 10
and the caki oy R¥ANRAGRATEMD e 340, Sy B ciyn2pfessed agaipst the anode 24
when the cell 1s assenmbled. It 1s 30 particularly advantageous for the
anode 24 to forma plane with the seal 36 in the installed state. -9 The

construction according to the jpvention (Fig., 1 enabl es the pressu in
the cathode cHARAGHEOLEH iogltwé (.tfjl‘fgg Z‘H&‘ioﬁa‘éﬁg'ﬁggﬁﬁ %Fdolf’%t h‘@ agpdes §%F§bqrn{“ﬁche
anode chanber 305erhied BE heVfuedid soldtidt SNBYrBE&SSMbRAE MtidiaéRY Rlpryferdlect ed
in the cathode c%a er 16 than 1 n the anode chanber 30. The i ndivi dual

el ements of t HeoneBeod 8QAC, pasiculetly preferablysfecth 88 thyO0Hbans of the seals 22,

36. | ti t he .anode chamber 30 is fjl.led wit ori i d vi
o HCL § ok Eareaos s e Gt Lo golutioRt o b AsRefl BT0udd g £ V! 2
oxygen- cont ai NyRehdA Shibtide 3ndSRtratidrEsf fiéhn 5TOQ0VEBP Medihtipartiduldrtyepreferably

hydrochl oric acid durin9 the electrolysis is
from 10 to 15% by weight.

Regardless of the electrolysis cell according to the invention which is chosen, the
25  electrolysis is preferably carried out at a pressure in the anode chamber of greater

than 1 bar absolute.

The pressure in the cathode chamber is preferably greater than 1bar absolute,
particularly preferably from 1.02 to 1.5 bar, very particularly preferably from 1.05 to
30 1.3 bar. It has been found that, for a given current density, the electrolysis can be
carried out at a lower voltage, i.e. with lower energy consumption, at a higher

pressure in the cathode chamber, i.e. a higher oxygen pressure.



10 preferably from50 to 70C. However, the electrolysis can also be earned
‘out at a lower tenperature. During operation of the electrolysis cell, the
hydrochl oric acid can flow through the anode chanber 30. The chl orine
fornmed | eaves the anode chanber 30 via, t@r exanple, a Cz outlet 42 at the
top. It is |ikew se conceivable for other flow variants to be sel ected.
Thus, for exanple, flow through the anode 15 chanber 30 can al so be from
the top downwards. It is |ikew se conceivable for no forced circulation to

gencr ot es. an ARAIISITE OF (B CRRBJMAROG SR T 9% RABABPIS SHIEPRRS GnifEn can
be utilized f%ﬁ##%hﬁﬂlh@r 0S€8 @M 'the IchtRHETHRMbEE WY Bleand bt 4 predde,

concentration erences thin the anode chanber 30 can be avoi ded by
means of 20 tmaintemutd devicet Aavexamptoofd sintablerpredsute mantenagdeglevisegs a gubiet abl e
guide plates qr the.like.. The,L oxygen of the q en- gontai nin s can..fl ow
through the ¢ ‘PHB’@e“ﬁ‘haﬁrﬁ‘QP‘%igy %’ga‘?sso WB?& stéé/g:SﬁPBF bet gs %ﬁ?ﬁege&ée t he
flow directi oRe@fic o LHRIRIW B thdas bR §akal RoBievEEA ARTabld nidthddes R ithie
internals. Thus, for exanple, porous materials, 25 either electrically
conduct i ve orthegmessareducti ve, can be installed in the space behind the
current collector 10. The oxygen can, as shown in Fig. 1, be introduced at
the bottomvia the 02 inlet 40 and be discharged again at the top via an (Z
outl et 44. HowgYelectrdlysik Sell bikBBAirHRNHIGS i dek@ibe@lin tidee Q¥ilBElowavitH teafd &M t he
top downwards or for the flowin the cathode chanber 16 to have a | ateral
conmponent 10 e, thg drawimgs.fln gt dewBest om | eft to top right. A
superstoi chi onmetric anount of oxygen, based on the reaction which occurs,
shoul d be suppli ed. - 10 The anode 24 can be installed in the

el ectrolysis gRlll SO tiwls iah dlecfodysis cellfdceeidint toy thalinvendon twisclarimdeanf r ame
26 for it to forma single area with the seal 36 when the latter is placed
in position. It is I|iRes@lyfestened currepfcollgdonnnode 24 to be | ocated
sufficiently bel o e - Or : ; i t he
anode 24 in tﬁgg ass\é\hn%‘fgeeéﬁs‘?}g%tibﬁ%%é)tcﬁlg%gﬁméogéaiﬁéﬁ%ﬁr@@?ﬁgw?Inh
conpressi bfl ity of thelastiallyJastared anbde,t or ques applied during assenbly of

t he cell conponegts have to b talien i nto acglounii. 1|1f .the .current .collector
10 i's, as shoW#EPn Fi ghoWs 2RoFIRRIEAYYS GPLsAcPRIgime, 1q 4hq fRvepeR Whhdiar oy,
the pressures sel ect edikficalifera@BRLe cariéht CRUBQHE aftd BTRSAH AR FRR1EA WAbde | T
is |likew se conceivable tfor the pressure in the cathode chanber 16 to be
greater than that in thé anode chanber 30. This pressure difference can

al so be chosen.in the gvent pof el evated absal ute essure.. 15 The .
enbodi nent sh \’f%\qi n FEgEV ac@‘?‘?‘ﬁ’éﬁgﬁﬂ meg ﬁ’?itﬁ%ieﬂ) Cé'ofy i 8§‘B}bedfr}¥§ﬂttlor§hom
in Fig. 1pgldentical %vi%%%'eﬁfsti&aq)lﬂ?ﬂ'@di@{éﬂ?anad@ therefore denoted by the
sanme reference nunerals. The only difference conpared with the enbodi nent

shown in Fig. 1 is that it is not the current collector 10 but the anode 24

which is joined via.the.sprsn egil [ : :
Z-profiles or el?lfaf}gcztfjo:?%séﬁ %f)frlsog ;ﬁ?g% ?&@ﬁ%é%}ﬁ:gﬁgggbg%ﬁ'nﬁgflfgg&”%ﬁﬁsﬁ,ﬁdﬁdﬁag t he
anode 24 rat hebmpbidhtd BE tite €1E BithC gdpseisdtweenl thewhire thel Mtaresine€ tekaity. In an

el astically to the anqde frame 26 via the back wall i he installed

28... |
state, the and@sembled degiradysiverlbaggpidans orbe HYERERML gi@c‘ﬁé?(b‘ﬂ"a IGBISFEE py
t he net al bbjc qgairgcqgokg%t‘{,ilagoﬁ%{rjo%-rexchange menbrane 34 is pressed agai nst
e

25 the gaS™ electro and the latter is in turn pressed against the

current collector 10. The streans of reactants (oxygen and hydrochloric

EiCIgfj) 1f:an be %‘?g.vle h%%vsl a ficst em oldfarrrlenrtmo na%relttacct)rotl}bs?st celzlpacgcrc])rediﬁ/éle to H in%Qn on. ' "
The current collector 10 is elastically fastened to the cathode frame 12. The cathode
frame 12 is in turn joined to a back wall 14. The current collector 10, the cathode

30 frame 12 and the back wall 14 form a cathode chamber 16.

In the illustrative embodiment shown, the current collector 10 is held elastically by

means of a plurality of helical springs 18. The springs 18 are fastened via connecting



1f the anode 24 is, as shown in Fig. 2, connected elastically to the anode
‘frame 26 via 30 the back wall 28, the pressure in the cathode chanber 16
can be selected so as to be the sane as in the anode chamber 30. However,
the pressure in the anode chanber 30 shouBd be at |east as high as that in
the cathode chanber 16 so that the gas electrode 32 is in contact with the
current collector 10. -11 The third enbodinent (Fig. 3) is a conbination
of the enbodi pieodss2s rpmZ-profildsgs. trabezoidalhrofiles,t thithe badkodiidrt To honbmit ke

anode 24 and the current collector .10 e connected el astically. tao.the.back
wal | s 28 and E@?Orfrbﬁféﬁlirlevfg?r?!tﬁ%isﬁng%sr 3%919 g cusrept, C?%%t‘ﬁsg(gnq)l%’gﬂg]étya?fe,
the anode 24 P! GERBRCAABHAS 14 R fidn; gephang o BeANGr B¢ aRend he

current coll ecto 0 ont pposite s presses agai nst the gas diffusion
el ectrode 32, celtectand®. For ¢xaimple tiwosprimgs 1 8 jate drsanged in & nimbénofrhornizemhland

ensured that these conpo ts of L electrolysis cell a in contact with
one anoth 1@‘3’\1/6\‘:5%\5'??%&@8&3&5@@@ r&ﬁ%%%afa‘ﬁ’ﬁfeﬁv‘oﬂﬁi?&‘ﬁr ﬁ)ﬁl c acid can flow
through the cell in simlar ways to those described for the enbodi nents

shown in Figs. 1 and 2. If, as shown in Fig. 3, both the current collector
10 and al so t e amwetd colectorel (i smounsldd bly assealcd Which i thegissamblesd stateds wel |

can be operated . in a, w,de pressure e 15 w dinect contact bet n the
Gas dit1 sl oncanadoriiresBios TE (A8 shonelht el DirorBhigoa sethllS e
fourth enbodi gk shipedbf tHo cathddRitamfe £L0r responds in principle to the

el ectrolysis cell described in Figs. 1 to 3. Identical or simlar

conponent $0are therefore once 20 again denoted by the sanme reference

|'s. The  signifi ' t : [ h i
H'o 4 and tnoBpIRles Yhhrefl OBLRRTER, AEGHIEn AMBILORIHOR S i Bied proa 11
el enents 46 eapbdeyfesine Z6O.ETfistthnke sodsrAits thibfrane, the indiel 24cah, foprekamgplel8 as

in the enbodiments shown in Fig. 1 to. 3 but at of leaf sprin ichis
fastened to afest ri¥ d@t&bée d’F‘_’JFﬁ%nénB‘B@dFiia% thes aﬁﬁﬁe tfﬁ@eaﬁéd%‘pgll?‘%ﬁ% or
hol di ng 25 el ?rﬁg%ic@ éerfﬂ%Waftﬁch%ﬁpt'o'gx #ack A AL 280t ectmggﬁofﬁés hot bffvn

direction of current collector 1 so that inthis enbodi nent, too,
there is 18 gaprepehve amnaer amaidgoustéd det cathdde, chgarber il 6.f thsiannde frenier 26g ¢he3 2,

cati on- exchange nenbrane 34 and apnode 24. Like the sprin 18 ig.,1:3),
the hol di ng elBsm4anden back wallsd (0B e ad T %A et upion Clggfloa 32
Fur t her nor e, 'ahd'qzcmﬁlsa&hﬁlgeom%%}ﬁe 340 GreC WehRAbebRbere 8ecOiincle 34 ahdQhe
cathode frame 12 by neans of correspondi ng holding el ements 46, either in
addi tion to oruirentmoliegont0.tThe dimensonsmf tb¢ gandiffasioneleztrods 3 hammyeisrablch
hol ding el e"e%c‘?}i that this fully covers the current collector 10. On the other hand, the cation-
20 exchange membrane 34 is larger so that it is located between the two frames 12, 26
and is held in place by the frames 12, 26 in the assembled state. Furthermore, to
ensure that the two frames 12, 26 and the two chambers 16, 30 are securely sealed, a
seal 36 is provided between the cation-exchange membrane 34 and the anode frame
26 and a seal 22 is provided between the cation-exchange membrane 34 and the

25  cathode frame 12.

In this embodiment, the gas diffusion electrode 32 is pressed against the cation-
exchange membrane 34 by the current collector 10 and the cation-exchange
membrane 34 is in turn pressed against the anode 24 when the cell is assembled. It is
30 particularly advantageous for the anode 24 to form a plane with the seal 36 in the

installed state.



- 12 The possi bl e pressure differences and reactant flows as descri bed
‘above can be achieved by hol ding of the anode 24 and/or the current
col l ector 10 by neans of an appropriate arrangenent of the holding el enents
46. 5 A process which can be carried out -9si ng the apparatus of the
invention is illustrated in the follow ng exanpl es. However, the exanples
do not inply any restriction of the scope of the invention. -13 Exanple 1
An el ect r ol ysiThe @bnstructiai exuerdan tol theninventivmd (Kigel) eddbiesi e pyesutain ited out
in an electrolysis cell as shown schenatically in Fi 1 and described in

y g. 1
greater det ai FatBodgshamberrttoerhesenyindgpendentty-afitheiprersur,ia the arqdeshgmper cel |

so that it prej Qﬂag : .Gl f i

forma singl eggﬁggﬁg\j@ﬁﬁ{théeﬂglejal %u%lgﬁ?%fﬁrgb&;{e{ég%‘dﬁg Ceafgr?lord;%lfﬁ 5“Ilnlrjlérp]ltﬁ(a)lce.
The anode 24, tHahdnahedroder cinenbeb 301 Tke individmdl elahéres bbthelélecttdigsid Oclt atehode
frame 12 and the electrically conductive springs 18 were made of a titanium
pal | adi um &l | W?WIQF%Sr?gﬂEFYW@%%i ght of palladium The anode 24 was in
the form of expanded netal and was additionally activated with a ruthenium
oxi de | ayer. The thickness of the expanded netal was 1.5 mm The seals 36
wer e conposedlnbpaatidn,the arside ¢hahbert s rfilkd with bydrdchigrided?dvia amHEN itlbte

trade name Vi n. . The gurrent 15 col Lector.,10 was |ikewise in the form of
 fami v e e fheccaftibgs Eamoe 1B BE Sim v Esh wren BV e a0t M
between the Cyx BMhict Al T8E BmpdamAdot e 1daschidHSRId BgSnd ho@scrabld shed
by neans of point welding. As gas diffusion el ectrode 32,  use was nade of a

gas di f f u$0 onpesiferablydiem f3x0otn H-CEKowesey, tihelettralysis lsas eldo dg caamidsbeutwittan a

pl ati num cat al yst.. The catiqQn-exchange ran 4 .\wa rapne .20 from
Bupont whi on 187 sbeafitt B GR0R% SRURLAMSKraR dnd PPERRRrE Al T
avai | abl e undein o tHrogkh fGRMEndef dhathbes24. Thbechldtineofor@¥g hedvgs themhsdne 34
divided the electrolysis cell into an anode chanber and a cathode chanber.

The anode chafbupberd8 W dpr examplg, taCla outle 42t at dhegion. Kys Weavigpr cangaivablgifer i c
id. 25 Th Qi d '
a0 9, 25, I0° PSR Wafafl b1%e WELORTEAL coP il MRCwBlen SR RO |

99% by voll $ime charhieer@0ecmudlso beé fiohetheabp ddemoiaadsb &ris iikewisemdnceivdtde for no

differential pressure between . .
forced circulation to be applied externally by means of a pump. The formation of

chlorine generates an upwards force (buoyancy) within the anode chamber 30 which
can be utilized for pumping purposes (airlift pump principle). In this way,
concentration differences within the anode chamber 30 can be avoided by means of

20  the resulting flow in combination with internals, e.g. suitable guide plates or the like.

The oxygen or the oxygen-containing gas can flow through the cathode chamber 16.
It is likewise conceivable to influence the flow direction of the oxygen within the
cathode chamber 16 by means of internals. Thus, for example, porous materials,
25 either electrically conductive or non-conductive, can be installed in the space behind
the current collector 10. The oxygen can, as shown in Fig. 1, be introduced at the
bottom via the O, inlet 40 and be discharged again at the top via an O, outlet 44.
However, it is likewise possible for the oxygen to flow from the top downwards or
for the flow in the cathode chamber 16 to have a lateral component, e.g. flow from
30 bottom left to top right. A superstoichiometric amount of oxygen, based on the

reaction which occurs, should be supplied.



‘cat hode chanber and anode chanber was O bar. The electrolysis was carried
‘out at a current density of 3 000 A/nz, with a voltage of 1.05 V being
.establ i shed. -14 Example 2 (Conparative exanple) An electrolysis of an
aqueous sol ution of hydrogen chloride wasi@arried out in an electrolysis
cell as described in Exanple 1, but in this case the current collector 10 5
was not connected elastically to the cathode frane 12. The anode chanber

was supplied Thé bnc&lemckiaﬁﬂ)emlledbnythﬁedlgalmblynsctreucsbltmimpraﬁ:btd sufffegently far
tenperature of the hydrochloriﬁgaC|d was C. The, cat hode chanber was

suppl i ed wi t hoyRithe 140 fmgﬂﬁg@cﬁﬁ%\w Hre seal 36 Vhemtho daften is

vol unme. 10 Th I al
pressure bet V\gleag&gatﬂo ldn alrgrglé((ré@kggﬂgsﬁgg ﬁ‘;%@?e %2@8 éJ%&d%g%&%lﬁgi t he
pressure in t e lmlmdethe:tseafb&vﬁr fovathe Isedl B@rto fohe aaplahe oeth dre mfoda 24 in the
differenti re was ontrast taq_the rocedur | e
necessary f 0 Eﬁé@@ efirﬁéataagﬂmcﬁ&gmng}t%ﬁi?rm §9magea$lﬁ%¥w o Bl ﬁ@d
col | ector 10. f o 15 3
000 A mp as | Lepeifues SbEId Butal SOl dEhe A SmiBalE AR L BORA Beoe
condi tions. Caeoant.son of Exanples 1 and 2 shows that, at a given pressure

I n the cathode chanber and a constant current densi ty, the electrolysis
cell of the invention 20 (Exanple 1) can be operated at a | ower pressure in

the anode chapbge cafdnt Etle¢@k 1848, asssﬂoweﬂh Eigl 1%&@&&%&9@11@@%& b&aNt
reduction in the energy consurrptlon WO 037014419 PCT/ EP02/ 08132

-15C ai ms1Q. ®aldds meygesguxﬁewlectﬁdurp@ptan@dﬂ md fathodeiebambers cambé equat.dt is
preparation of., chl or eQus._sol u chlori

Corpr | i ng s, HKEHE GaREahE oS B BieSas b bis Bl PO B Bepb oo, e
(12) supporti et an ¢hy bfide ch@idbeﬁBOFTﬁj&(Bressure difference can also be chosen in the

event of elevated absolute pressure.

15 The embodiment shown in Fig. 2 corresponds in principle to the embodiment shown
in Fig. 1. Identical or similar components are therefore denoted by the same
reference nunerals. The only difference compared with thc embodiment shown in
Fig. 1 is that it is not the current collector 10 but the anode 24 which is joined via the
springs 8 and the connecting pieces 20, e.g. Z-profiles or trapezoidal profiles, to the

20  back wall 28. Thus, it is the anode 24 rather than the current collector 10 which is

connected elastically to the anode frame 26 via the back wall 28.

In the installed state, the anode 24 is pressed against the cation-exchange membrane
34 by the metallic springs 18, the cation-exchange membrane 34 is pressed against
25  the gas diffusion electrode 32 and the latter is in turn pressed against the current
collector 10. The streams of reactants (oxygen and hydrochloric acid) can be

conveyed in a similar manner to that in the variant shown in Fig. 1.

If the anode 24 is, as shown in Fig. 2, connected elastically to the anode frame 26 via
30 the back wall 28, the pressure in the cathode chamber 16 can be selected so as to be
the same as in the anode chamber 30. However, the pressure in the anode chamber
30 should be at least as high as that in the cathode chamber 16 so that the gas

diffusion electrode 32 is in contact with the current collector 10.



10 a .cation-exchange nenbrane (34) |ocated between the anode (24) and the
‘current collector (10) and a gas diffusion electrode (32) |ocated between
the anode (24) and the current collector (10), characterized in that 15 the
-anode (24) is elastically connected to the anode frane (26) and/or the
current collector (10) is elastically connected to the cathode franme (12)
to hold the anode (24), the cation-exchange nenbrane (34), the gas

di ffusion el ectrode (32) and the current collector (10) together. 20 2.

El ectrolysis cell .according to Claiml, charag%ggized i.n that anhﬁyastic

hol di ng el emehhe thitg emfwdiment (kigy 3 i @ Q9BIIRANAN ©Of theFrahpdiments s Hdssdode
rrane (20) anfidh. B R nbdiimet! et Itfeglirécgi@% aha 188 ciften Bl1ckRk Rfigel T ame

( 12). 25 3. ectrolysis c atcordin characterized in that

a plurality otornetwdd elstdatiyentie Hatl wall§ 28 and 14 respedictly,4ia frmgs A8 ysi s cel |
according to Caim2 or 3, characterized in that the holding el enent or the
hol di ng element s (18, 46) are arranged and/or configured so 30 that the

anode (24) ang{ ¢fe LR&HIT Shte, GRE | RiGHOM24( HR) FrE6Yel Sagihse HRE RhticH-exkhliel OF M
pressure. -16 5. Electrolysis cell according to any of Clains 2 to 4,

char act er i zedmiembravet 34 el tel clinregt edlinetant10oon Hlecopposide §ide Presas) against the
configured as spring.elenments..6. Electrolysis, cell according.to any,Qf
Clains 2 to 582 ﬂﬁﬁgl&“e%leﬁté@%i #S’t iPafh _lgﬁh%t?fﬁ&a‘ﬁmglgnﬁalétpapb&tlﬂ@ 562%’8@ (24)
and/ or to theegdukdLmht ol Rpipdherkts dPihel efectdlyaldl delhedlintiontRAWsh @he bhdther

hol di ng el enents (18, 46). 7. Electrol éSl s cell according to any of C ains

2 to 6, ch@rastiboitzany gapst Fhe oxligenaastbydrpeieri¢ agyl eandlay thraughe thenesdlelf r ane
(12) has/ have a .back I 28 Or. 1 t ich the holdin ment or
el ements (18) 51 aéy@y\é\'gonthgéetcgeagn@%ﬁg tg%tepg)f)égniles&lsc%\%malgggésd?%g& ? 0 any of

Claims 2 to 7, characterized in that the anode (24) and/or the current

collector ( 10) is/are held solely by the elastic_holding elenent or
el enents ( 181f, 48)shown: mRFig. 3ABoth3thgacurent sgllgetor 10 and also the anode 24 are

9. A3. A3. A3. A3 . . d
nozupkfa\ W caF?:%Jﬁgtg'ﬁ%%S@%@é?&%ﬂ%ﬁ%@%ngg<a P:e<8 ecrgﬁeg a{ él a lcg]pé% %rae]rgé ec a) ca
] ca] ca] ca] sa] edincditecatbomthetbetween the gas diffusion electrode 32 and the current collector

10 being ensured.

The fourth embodiment (Fig. 4) likewise corresponds in principle to the electrolysis
cell described in Figs. 1 to 3. Identical or similar components are therefore once

20 again denoted by the same reference numerals. The significant difference between
the electrolysis cell shown in Fig. 4 and those shown in the other figures is in the
type of holding elements 46 employed. The holding elements 46 are not helical
springs 18 as in the embodiments shown in Fig. 1 to 3 but a type of leaf spring which
is fastened to an inside 48 of the anode frame 26 and the anode 24. The holding

25 element 46 likewise applies a force to the anode 24 in the direction of the current
collector 10, so that in this embodiment, too, there is no gap between current
collector 10, gas diffusion electrode 32, cation-exchange membrane 34 and anode
24. Like the springs 18 (Fig. 1-3), the holding elements 46 can also serve as
electrical contacts.

30
Furthermore, it is possible to fasten the current collector 10 to the cathode frame 12
by means of corresponding holding elements 46, either in addition to or in place of

the fastening of the anode 24 by means of such holding elements.



U] c~a] cal] ca! or TW +nVWn} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

‘] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calng |

Xt H#HS W9 WRO&E | 2T} (m() **r**+, P, S, } xsni d_Z] c] ca] ca] ca] ca]ca] ca] ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] edea] ca] ca] ca] ca] ca] ca] ca]ca]calca

! S, , 5-9----- u/ //00001L2a2"3333A444555699
:}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

N<<<B=h=k=>] >>’>L@@ BBC\/ FG\IJX ~LMLNN} xsni d_Z] c ca al ca

ca] ca] ca] ca] car}’fal] P@a]‘{f% rE’a‘]eéa*] a]eé‘a ’\g]ée‘é(f A ‘ieo‘?} %dgal}ccvg] @a’% E%l] ca}

ca] cal NNN: 000 LV MY MBHOAYEN BoXtetb A 17b¢ ksahs af &) cal

cal] ca] ca] ca] caJca] caJca ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca! Y¥ippfoptiate]ajjahgement of the(holding ¢lgmentz44a;

bb/ cwdebe| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]ca]ca]calc

a] ca] ca] calca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! beef f f AgFgPgf gghHhhh2iii/jj #k/ k

Ykl sl T & mvirprgcdswahigPLatl b adrfid 6ad estlCRk Gapaahis dtteaheativalicAlsadied] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca! (nSni nl nooo%pr ppp?qq

qqqr, scsG t ul &r(tltwanWm{lglqu'DQIBg ]Ié@}'@a} cth]b @aamal]ecdpaw} ¢ma]}’c§])’c@]5f@a]1@1apfca] c

a) ca] ca] ca] ca]g % %%%Ca] calca]ca]ca]ca]calca]jcajca g dE- 10%& ()-3
-10%& () - 108H%° % () FS 10%& ()-FS 10%& ()-0 ¢

dB!'l1"10%bcb& ()- & @10%0& ()-&10%¢& ()-&@ 10%& ()-m' 10%& ()-& 10%& () -

Pl uxdE! . 10%& ()-Lf, 10%& ()-L)- 10%& ()-Ls' 10%& ()-% 10%& ()-9!-

10%& ()-Fx uj _@109%<& ()- 10 10 10#L<10%& ()-'!Ys7@

10%sbsb& ()-6"10%& ()- '/, 10%& ()-eSdE _@ 109%& ()- S

109%<& ()-m109%& ()- L& 10%& ()-1 "10%& ()- 9@ 10%<& () - nordE _@*-

10%& ()- ss'10%& ()- &10%& ()- Y@ 10%<&' ()- 1"109%& () -

10%& ()-TTUaB7@ 10<: 109%<& ()-L9- 10%& ()- 7 109%& ()- 36" 109%&! () /-

109%<& ()-! X3S, m' 10%<<& () - UVW +mV 10%& () - && 10%& ()-F ! 10%& () -

910%& ()- @ 10%& ()-L310%& ()- 10< 10<n}~?niV 107),

10%& ()-Z29%40%& ()-!1f"10%bcb& ()- !'Df"109%b b& ()- 9 10%& ()-9,

10%& ()- VAE:/ 10b 10b99- 10%& ()-39610%& ()-Y4- 10%& ()-s2- 10%& ()-




s 1- "10%& ()--410%& ()-VxV7/ 109s- 10%0& ()- 'Y "10%00& () - F&
10%08' () - @ 10%08' ()-& 10%08& ()- 310%08& ()- 10bVng | dE7/ 109s- " 10%0& () -
L - 109%0% ()-Lgl0%% ()- L@ 10%0% ()-109%0% ()-L, 109%0& ()- !"" X" " MtB7/
'109'a @"10%008& ()-s)10%0& ()- ss'- 10%081Y)-&10%08& ()- L$I 10908 ()- Y,
10908 () - ZMHISS% O %y %8 9z odY: 10 109 ()- 100 100 100 - 109%& () -

| aFY4" 109h0h0& () -!\FY4" 10%00% ()-!'p @ " 109MOn0E () -} 99KR0&& | ' dEDY: 10",
109 ()-°, 10P&amplel 109%& ()-", 10%& ()- ~109% ()-  10%& ()-

'z} (m()*aBdY: 10&$- 109& ()- !'@m10% & ()-y 109 ()-s, -

109& () - 3109& ()-S109& ()-**r**+ P, dEAY: 10Y4109%& ()- /-

109& Gy-"1 - -hC
10&@ g_%) % () %@E%é% &L@g{f_&m{ gqlie)é)ui é@l;_ﬁgfo/% )of%ﬁ%%e/ﬁg‘ chlotile vasZaridlt dutdn-
109&' () - | 96108k etglysis cell/as/ shieh@ schemat1ca11y 1n F1g 1 and described in greater detail

5 above.

The anode 24 was installed in the electrolysis cell so that it projected over the anode
frame 26 sufficiently far for it to form a single area with the seal 36 when the latter
had been put in place. The anode 24, the anode frame 26, the current collector 10, the
10  cathode frame 12 and the electrically conductive springs 18 were made of a titanium-
palladium alloy containing 0.2% by weight of palladium. The anode 24 was in the
form of expanded metal and was additionally activated with a ruthenium oxide layer.
The thickness of the expanded metal was 1.5 mm. The seals 36 were composed of a
fluorinated elastomer as is sold by DuPont under the trade name Viton®. The current
15 collector 10 was likewise in the form of titanium expanded metal coated with
ruthenium oxide. Electrical contact between the current collector 10 and the elastic
springs 18 was established by means of poiut welding. As gas diffusion electrode 32,
use was made of a gas diffusion electrode from E-TEK, USA, which was based on
carbon with a platinum catalyst. The cation-exchange membrane 34 was a membrane
20 from DuPont which is based on a perfluorosulphonate polymer and is commercially
available under the trade name Nafion® 324. The cation-exchange membrane 34

divided the electrolysis cell into an anode chamber and a cathode chamber.

The anode chamber was supplied with a 14% strength by weight hydrochloric acid.
25 The temperature of the hydrochloric acid was 53°C. The cathode chamber was
supplied with pure oxygen having an oxygen content of more than 99% by volume.
The pressure in the cathode chamber was 1 bar. The differential pressure between
cathode chamber and anode chamber was 0 bar. The electrolysis was carried out at a

current density of 3 000 A/m?, with a voltage of 1.05 V being established.
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The anode chamber was supplied with a 14% strength by weight hydrochloric acid.
The temperature of the hydrochloric acid was 53°C. The cathode chamber was
supplied with pure oxygen having an oxygen content of more than 99% by volume.
10  The pressure in the cathode chamber was 1 bar. The differential pressure between
cathode chamber and anode chamber was 0.3 bar, so that the pressure in the anode
chamber was 1.3 bar. The application of a differential pressure was, in contrast to the
procedure of Example 1, necessary to press the gas diffusion electrode 32 against the
current collector 10. The electrolysis was carried out at a current density of
15 3000 A/m’ as in Example 1. A voltage of 1.21 V was established under these

conditions.

Comparison of Examples 1 and 2 shows that, at a given pressure in the cathode
chamber and a constant current density, the electrolysis cell of the invention
20 (Example 1) can be operated at a lower pressure in the anode chamber and the

voltage is lower, which leads to a significant reduction in the energy consumption.
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10 a cation-exchange membrane (34) located between the anode (24) and the
current collector (10) and a gas diffusion electrode (32) located between the
anode (24) and the current collector (10),

characterized in that

15
the anode (24) is elastically connected to the anode frame (26) and/or the
current collector (10) is elastically connected to the cathode frame (12) to
hold the anode (24), the cation-cxchange membrane (34), the gas diffusion
electrode (32) and the current collector (10) together.

20

2. Electrolysis cell according to Claim 1, characterized in that an elastic holding

element (18, 46) is provided between the anode (24) and the anode frame
(26) and/or between the current collector (10) and the cathode frame (12).

25 3. Electrolysis cell according to Claim 2, characterized in that a plurality of

holding elements (18, 46) are provided.

4, Electrolysis cell according to Claim 2 or 3, characterized in that the holding
element or the holding elements (18, 46) are arranged and/or configured so
30 that the anode (24) and/or the current collector (10) exerts an essentially

uniform pressure.
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8. Electrolysis cell according to any of Claims 2 to 7, characterized in that the

anode (24) and/or the current collector (10) is/are held solely by the elastic

holding element or elements (18, 46).



