rme3eqn| "R6TFK 5 10 15 20 25 30 35 V\D 03/031691 -1 Method of recycling
process gas |n ggm_q, goem cal processes HCT/ EP02/ 10841 /qpogﬂtobgp
relates to a od o recycling process gas in electrochemc processes
i nvol vi ng gas d| ffusion el ectrodes. Various chem cal processes require the

use of gaseous feeds in stoichionmetric eXCess. A stoichionetri CJ
feed gas is redf gthedjof vegycling-priocess gap in pchepred] prpeessescel | s

di ffusion el ectrodes are used. The use of gas diffusion el ectrodes PR 53t S
alternative re?ﬁtlon routes in varioys e%fgctrochem cal proce V\gl%.ﬂ

avoi di ng undest PaBIEREPR JE S R Mo EREY SlINEOREPCESSa B ecgoﬁ ical

di ffusi on & ecprooeksed isnvbllvmgcgay@ﬁﬁis&mEIwmoﬂgs,cat hode. Th| s eI ectrode is an
open-pored mermbrane which is disposed between the electrolyte and the gas
space and includes an el ectroconductive | ayer conprising catalyst. This
arrangenment en¥ariess chiemical heocesepgyrequire theatse ohgascoushigedshin stoighemetriosyersar y
between el ect r ql ybieniohlrl #eke At X VAR rbHRA, Rk AREmAR, %91%%1&%099&1%91‘ e
to the electro yte scrl% exa in US-A-4 657 651

oxygen- consuni #gisda t‘%’d&ib%aséiﬁﬁu%%fbﬂe“f%lﬁs @ﬁé‘ﬁ?ﬁ e, in alkali netal "hal i de

el ectrolysis. In the case of the oxygen-consum ng cat hode, oxygen is added,
inter alia, as f eed .gas. oun met hods, ,the.tai roduced, whi ch
Sti 1 cont ai neTBsy5ea! S it SRR RS subBBuud et rhies fhaoiel gas
wi t hout bei ng eclsetochgmiaal pfocessbawkide afoidihg updssiralde sr prucrorduicey-protucte, on

t he one hand, the high oxygen consunption and, on the other hand, the

| abori ous cleanlng required before the tail gas is discharged into the

envi ronment, eOge egmplcapisa @ps diffusim plgcteedeuisTibe oxmganesnsemingosptitieadhis

i ndustri al 1§calalectw&r@faﬁro@en@&euﬁhémmn@%@hl i agp§gearuetw&mhe 6E§ﬁ§ly€éf arld@W
materi al s, al sci?pl aces higher r U|re nt on spema nmet hods an rrent

for cleani ng of¥ gafsérace Ahdeaing FS\/éP clt‘l%oridé’ic Vegéasyef:&ﬁn’ﬂlé’é‘gb@t%?’g
for re-use, al aﬂﬁmmehhexsufb@elsatlthé(ewgeﬁ redugtibn at ﬂﬁrthﬂ&bJMgseclﬁdundm hbltween

filters and co e for cycli |ntothe rocess.. Rec tothe
b ocess by, moareie SanSh A8 DXSedikes ifee A % RINERONE cttplyf

(HO ) and possiéscabedifor exmnplonnen$-Aof @ﬁéilapky@ayonsmmmgroaﬁxoldesghrcqwad; ty
materi al s r r : i requires the recycled gas
flowto bei(gonﬁ}%ﬁ(grggﬁyﬁiag%p@étgﬁ%lﬁﬁQp&tg{tﬁﬁg% soda solution, involving high
consunption of caustic soda solution. In another known approach excess

process gas i nllvctfeldas@opﬂfec‘cﬁ@g@scd,rsum{g Na@mddersﬁyg@heﬂaadwolmé}ee}lﬁlt ﬁé?ﬁrféédytl C
rocess means r essors ,or 0 us .
Control | gt nERpr it KB ERESAT ghe il g proguesd ek S “Soslheprin is o
el ectrical enerayvednftommaihet proaesseandvibede dnter the acft-igae vmdvqut detgr ssaduagaihe
moni tored 39r eprffks %?%@Hé%bus‘;S}XQAd\ﬁ}é"&cﬁﬂ@phﬁxthé) ofE %ﬁﬁd,%@tl{igﬁ oxygen

engi neeri ng.

consumption and, on the other hand, the laborious cleaning required before the tail
gas 1s discharged into the environment, e.g. by means of scrubbing columns.
Implementation on an industrial scale therefore, as well as entailing significant costs
of raw materials, also places higher requirement on special methods and equipment

30  for cleaning off-gases. Alternatively, the tail gas can also be processed for re-use,
although this does likewise require scrubbing columns or filters and compressors for
recycling into the process. Recycling into the process by means of a compressor then,
because of the hydrogen chloride (HCI) and possible chlorine content of the tail gas,
requires high-quality materials for the compressor or alternatively requires the

35 recycled gas flow to be continuously scrubbed with caustic soda solution, involving
high consumption of caustic soda solution.

In another known approach, excess process gas in various processes is actively

recycled into the electrolytic process by means of compressors or blowers. A

IR
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S Fi nal | y, it is known to enploy gas jet punps for generating a vacuum
m Xi ng gases and recovering heat (thernocenpressors/vapour conpressors).
Gas jet punps are working-fluid punps which generate a negative pressure

and are particglabhak é%h@@é,rﬁmfn C%ﬂ\%‘gr@c%ssals\fﬁ@ﬁgmoﬂﬂﬁ’})forﬁﬁ&%ﬁﬁerﬁ06 kdifon

choice of a gaseous wor ki ng correspond to d jet
punps. One exalf- eeleftrieal ;ﬁsesayma@dmmtewanqq YIGIepEeTs GCHY SPPTERSTrS “&‘l‘?tdffﬁ ect
of the inventi@Bnitred feroBRcttopefitioACIASSIVIG ddRIplkxdbrbedss taittol gAgiAsering.

el ectrolytic processes involving gas diffusion el ectrodes which does not
have the abovenenti oned drawbacks. In particular, the consunption of feed
gases is td beFihallydtisdedwnanenthioyngasaki ponmsf for geperatirigea sacuubh erisingpates be
achi eved, resultj n e j e re,
the use of costid nd F o{'é}n{ H&?ﬁgleﬁgg %és%&h%%o&r %&Q@r’g%‘%gﬁi‘s %a? éet d}kﬁl{lfﬂs hiLo
mai nt enance cowpdc)me-ﬂmsﬂl rinips wWople gewaa}te Winegativatpresaere gadare pamculeréymg@bteo
the menbrane apg utseaé B9adlfint 6&LE. BRR fjfofrft}kbsé}f?)'fbeedf%céa{sé’cﬂ% wérking ffdayRijeed.

20 A net hod of recycling ocess .gas I n el ectrochenica cesses,

especial I'y in ByBEEY F‘HT%PPP%‘{B}B%‘E%%PW%&WWH@“‘HF qfeaag?f e WoHENEdE on
el ectrode ttas kegn. found which conprises at |east the follow ng steps: -
feeding feed gas into the el ectrochem cal process under a pressure which 25
exceeds the process pressure, via a gas jet punp, - expanding the feed gas
to process prelsisraa objech ofabe jinventipu g prayedeca agprogessing uedthah f@rted gases whi ch
is less than t

rocess gas. (t SEFPGES PGt ES tichying s GifR SibRliceRIRch el 0L ik IR,
gas jet punp aaﬂwvle@@peqqugdrﬁymckgakl pmtlélﬂﬂhéhQGOEﬂUélﬂthBcheﬁF@:@Ias%rléd@s@ | t

has been fpundredtdddrdngi atgwscaﬁﬁgabftr&fuyees&ﬁb@r%s té Ve RMEVeBEF¥LLtmgt e
tail gas rich i feed ed h%/lntothe process, W.thou
any drying or B %Frﬁ ﬁ‘a%ﬂmpﬂan qifteye &5 ?e% re, e Pse e gaskinitgpsive
hum di fi cati oncerappessoed (mmesrmattespmtl@ akdlmumtbmatnbercbsts):almm bdlckmemsmy
with. The sinp|&,d tals
to be used cos%ﬁtef ?\Z Qﬁg {lg%h k| ntgg usedmcogtttril&eE)%ﬂ{xk[&)éf1 gsgogl
required in theleptmt@esg) Wldﬁdnsurrptl on of feed gas can be signi f| cantly
reduced, agythe excess required for the process is achieved via the
recycl ed tail gas. This also |leads to downscalin requi site scrubbers
and consequent Py mgthasl 06 recycling gRipesss &2enSudls Qf%eefcakdareﬁfsseﬁg epRegiad vt By

the of f gases. eByirsiond pﬂicbsseg mmvﬂ‘n[gcawwaatt @eogastdwﬁ“us‘l@cylebte@uegm ekh éaundand
as a result of %h free outfl \A@F lE)he renmoved tail gas it is possible, in
Vb kP do

addition, to a QRPLSES ar}rl CFW’Bgétg%re fluctuations, which could
cause nenbrane-and &edir fedé gdarmgetheialeativehamiealt podess aomdpaat pressuse whitthe 5
el ectrolysys. A si %)@de%é‘tthe%&%é‘stppré’gsufeh@la g(r,htt H1 is that the tail-gas

excess produced in electrol tétl C processes | gas diffusion
el ectrodes and-hi t he¥Ragduesthn dpegegpsae RSP‘PG%QEPSF@C r"éé‘y%ﬂsddt PYPRRCEIGIALAL & t he

process. This resul s&tionp&@dmeedumemmananeprfocéseedesg@e,anﬂo W t hout the
operation of the delica fusion el ectrod i

ei i mpaire .
P of or ably . ot he *iietipe J65 e sabiBlik Betrs G Dol dndtey FREY Shibe aurtin.
air but only a subspressure ofenttatedt & Itheygss jetopampi ahda rdeyclink il gfasiinputhd i es
and excessypressure %Etr%’éh%ﬁﬁ&ﬁrlﬁrofclaéém uations, which could result in
menbr ane and electro amage, I n the el ect rode conpartnent, especially in
the cathode conpartnent, of the electrolysis. 15 The use of a gas jet punp

allows the tai i Hi@ibeéd fondl rbuhﬂﬁsdxgw&hét%éo@er&e kpd din'p%hhbfs ih@ttﬁl é&terlch

process, w thout dr anin ng requir
D bod ment. of ThESHEeAY PEACORISERErLY SBans BebS ety B GG & erging,e o
t he process vi aciaggepigjedt menquamslyr@/ehhlee feré gsumemdifidagor rdquatd af pn‘oeeﬂesgas

e aha $55° K08 AR eA bl difialel Gfin, PRGB! delfin h%hd BRI PB4 0"

rate, and T ow'd stre
avoi d excess phighsquality materipls tﬂb@ W@Qﬂ qtsbe’rff@ntwglyt dhe meorking dluid wsed cande thg |

gas 15, B r sl gl ke oms ot il simany
becone parti cheélr“FVF@Pé‘éq' RN Sva’eawr%f# Otrﬁggf”&c?%v!ﬁ AL icvedbia the recyde‘ytanl gas.

This also leads to downscaling of requisite scrubbers and consequently also to



The tail gas produced in HO or NaCl nenbrane electrolysis mainly contains
oxygen 30 and additionally water vapour, _KICl and, in the event of nenbrane
damage, al so contains chlorine. In the case of NaCl el ectrolysis involving

an oxygen- consygi, &)%Elﬂﬁﬁ?on Mqﬁ:rﬁl%nllg Hﬁala%gh{e SPRhak nB%' rc@ﬁt?&hﬁé tl?@ﬂ@iv' c

soda (NaOH). Disc e tal s. as exhaust air wou requir
| ar ge- scal e exqa&gfttharercysléélgsbétreaah@%%reé@hsﬁ tffesr?um%aﬁ%rem%%taﬂ

solution for s subiglplagsxblegt mtahemama abbmeaxcééa@r@xm@a reséur€ ARttaxeshs) Whith50%
excess, would cgl sch ar as ci<th 4 Bec {5% e HCl a?{g ﬁgﬁlSl bl e
chlorine conte Fa‘fsﬁén rlanegﬁls qde aHEgF’nIPo ﬁlfc? S EYUPHIIMEIS RE St o
conpr essor Swutlectrodypis.r e expensive materials for the conpressor or

conti nuous scrubbing of the recycled anobunt of gas, with high consunption
of caustic soda sol ution. -4 The inventive use of a ganj et punp now
permits directArsigifieant agpest of the invgatiorcisribatithe t9-geaiexcegapradueesl inipeciobiissss,

wi t hout any drgﬂoe&s&f 1&5%‘% EQS Bﬁfd@ﬂmr Qedttdaesl anmﬁeﬁé’@iﬁché?ged *ae o gé@ pusly
required humdification o

can be. 5 di spensed oxygen
consunpti on caffeBees éH%B’d‘nﬂﬁ/ﬁ’SHﬁﬂ‘Eesgaﬁﬁls 55K %“H‘? u‘é%@c‘é’é‘é“‘?’%‘tﬁ‘m Pfeé gcﬁa&t he
process isj@achivaued e vspéx*au@m off theedéleoawcigasl diffidionadesttvide hbeing impatkdine

[ required. coa s aeporyP BEREERR didhdied i bE AR AT HE R

process once nm’o@treeirxtn@f tleh tailegasc ke avdid achuildripet tm@lrtt@slang@gcssrpe@mnesorf ed
into the off g?t%ss%‘ife AuMBhEUIR, \1«91ch|c‘8¥iidr1%§ﬁt Whinefibtahe %@%ﬁe&ﬁ@&é’déxﬁ&»g% thaR

about 10% particularly preferably. Iess han about 1 % of the |evel of pure
oxygen in the flegEdgarommayiment. tqgaecial ?/‘fmoWerCé’El“@dEGﬁf”tpé‘FmS‘Pt tolfléher glegeolygis-gas

stream and fby Yhé Liseeofof gdshiet pmﬁ;ﬁ lanaws)fhettbﬂe g@h fethar @e@l ghdid bedRBycleX 8RESly
pressure or ’i #ﬁe fluct ug\o d gan ? nenbr.ane and el ectrode
damage, in the1 AR RIS PPN r&ngto'tlg “arge ?IBE)?%qusregTe avoi ded. The

outflow of the non 15 recycled fractlon of the tail-gas stream noreover

avoi ds the bui ly rg rdh d Erhértt 't g?rﬂﬁeﬁ{i@li kerbre! &ﬁﬁe;;rlsg??@c?cléﬁ%]o% Be1 | gas

process. The net acco e I nventl on can ai
el ect r ocheni calnthmﬁ:ér@sewwa:ﬁ gaéqen PWRp upiBeg @%P@FS@%@tffﬁismf @Meqdngas and

st oi chi omeig i CpR¥ERSSs AOtheNdrPdAE tfbx‘é@ c&hﬁ)u::cggt fRdrcaaed %h@mé)wrét@eand the

i nvention can make use of any t f usi on’, el ect . 0.
oxygen- consuni A Qa’t‘}f&&é‘ g bﬁ%‘? i H?P’rﬁ‘t{eéa{“h@ PR SPIESure.

preferentially used in el ectrochem cal 25 processes espeC| ally in

cat hode.  The ot isdTsiiod ARG I BRI ARSY B (R es FieSRUBTRETGRT 0 B
processes i n whiocessdegatharivith the foedganvian gastietpdmped as a feed gas. Exanpl es

of electrojytic processes which can be carried out in accordance with the
30 net hod according to the_ invention include, in particular, NaC_ and HC
el ectrolysis, Bh¢adyjastpees of thﬁéteﬁmsaceqrd%ég)élpq inyeHiPROREURS BUtipHAKIE Cky‘@r in
ammoni um ni t r atew dfaké fdlowssz:of oxygen-consum ng cat hodes. Particularly
preferred electrolytic processes are NaCl electrolysis and HO 35

el ectrol ysis invol ving oxygen-consum ng cat hodes, in which oxygen is

i ntroduced in dbetal &HOyetuoed m BEEor NaClanembmine brsteal ysin ninlg con{tyigxermxyg'dme

Che naturc i s il was Rafile] SRIGH: B, o] GRGE f MR EARS dUTREE (e

t he nature of ectr em ca ptr ocess and
chosen and i s contains chlorine. In the case of NaCl electrolys1s 1nv01v1ng an oxygen-consuming

cathode, the tail gas might contain traces of caustic soda (NaOH). Discharging the
tail gas as exhaust air would require a large-scale exhaust-air scrubber and high
consumption of caustic soda solution for scrubbing. At the same time, the oxygen,

35 employed in a 50% excess, would be discharged as exhaust air. Because of the HCI
and possible chlorine content of the tail gas, recycling into the process by means of a
compressor would require expensive materials for the compressor or continuous
scrubbing of the recycled amount of gas, with high consumption of caustic soda
solution.



-5 generally in the range of from0.001 to 10 bar, preferably from10 to
250 nbar, especially from10 to 200 nbar,.4above at nospheric pressure,
particularly preferably at atnospheric pressure. 5 The feed gas pressure
applied to the gas jet punp generally exceeds the process pressure by from
0.1 to 40 bar._Preferably, twge feed gas pressure exceeds the process
pressure by fr &R NVSnfiye J1Se (hra 2as jRt HURMR yiopy BeFtssdifest fervishing of fepd gas-

al ternative eﬂ&ﬁ(ﬂalﬂﬁl@tta@fgai hxto NS b@des'sCWthlht%lytd}yﬁl@Q)rldmnfgl B¥ind Reupe@cess

10 I d t to 5 f bl
from 50 to 200ChbgAuesl e Sfwbfte ieatstE Supdinyioh A2 Whomedndise cihd®
process press udispérsed alithw Tat rxygdre consumptisrs vare pe trédiced by ghsui 33%r emseu thezed
with the aid of, c%s&%ﬂl%&ﬁ@? 'E}}egﬂrogﬁs?is%t‘éﬁ{ev{;@ﬁy H?ﬁlel%!t’ 'Ekfé%gyc?éd ﬁLgﬁ& bvﬂﬂ:h' % at

15 at nospheric press g i
punp at a flowe waltumevﬁlﬁ%rﬁtwhr@slpmf@abl& gaeaterghan 9Q5o ﬁﬂfedﬁlérge&&té@m and if

especi al |y a lrfuird,2ah 8k ﬁdjﬁ&‘t@@$ﬁa&ﬁ&ﬁ6ﬂm@ﬁb&uiseavfaﬁﬁﬂe #Pthe p?&@?s%r%@ m¥rb D
t he stoi chi omeiél C consu 'EIJFon of

ectrochem.ca roce If the 20
feed gas used CORPEREEYFIRBUFactiPROf éla&qu@se?traam 158 1 n&ﬁ ff R at? yehue
must be ruf) at ﬂawox@ter\ampbridpmjérybllyllgd?.ethaxsulpx&nslt)% qiartmmnyypreferalﬂyl&sgalsarj et

, the feed
Phe teacti on clArCorBRErS e VBeRpoRR il By SRu8D iopel(eRaerss
(e.g. into thethcatéysthd gaswisean mhby wirtug loé thel Mﬂw\mbﬁﬁweshsi:pmpétanbgas Piress
process pr ess“@%sé%fr@fy?éﬁ?éde ﬂﬁéth%d?f%”@zﬁlch%aﬁ '8§u59 rﬁ&’aﬂ@ax&f 9%&%0% B-baltg@e

gas diffusion electrod l'us any pressure l1nes. Prefera

the process préb%@#@ﬂQS%F@%Pﬁﬁ?@ﬂV’ékﬁ?@@ﬁﬂﬁﬂ%m@d”ﬁ%ﬁééﬂﬁé@ﬂQOWﬂégbﬁﬂ@n'
super st oi ¢ty orr&tcyru@d fifadidn 0N tHeftaillp@s k@& gRFedver RASIEE theOllildhiiP BT fSurRfe@Cess
as tail gas elsugtlon Eressgre%generated when the feed gas is
expanded cause§Sp§‘E‘al La5iney eapese I R P he tail gas to be aspirated via the
suction side of the gas jet punp and to be recycled into the process. The
suction rate off *}Eetg ab&)trdlﬁgr{B tﬁ@%%%u BOAe %ﬂ 1‘6&?:1 GPeng" é@u%@%erﬁﬁ&l""ee”
feed gas pressuré and process-pressure. ccor R 0 a preferre

embodi ment of Pipsessivideh reghires uﬁeaoﬂgagws&qdémtw ipEnesidc expess- t he

el ectrol ytpge process is adjusted via a control nenber provided in the

tail-gas strea stream and/or r cllng as stream_Wth the aid
of the control I h%%%?fg T, methpgseorging by ﬁlvrsmg%{g NoMBEE P8 &néfdypwgg%e
process can beddfijsioaitedettode, e.g. Gnlokpgentcoddurhing Ladale based on the tail gas.
Preferably, the anmobunt of the tail gas to be recycled into the process is
adjusted to values of from80 to 99.5% That proportion of the tail-gas
stream whi ch i $haonethed petawdingntoothehisventivnessprgieserially rusedn in seléatrpchernisal he
off gas. The beo'cE’ssE'? %)eélgll))“rlﬁ te'lé?:?rol}@lc é}gc&ﬁ&c‘?ﬁﬁcﬂ r&!&b’& rﬁﬁ%r}ﬁ gé%@[ an

l\/breover as aresult o he outf OW of his gas Sstr Of an
undesi rably | aP¥EcEseaguNigLesatipde. i Jhe hmeiodc ds salsas %rsf?r%@lly qmp@yp fhe

case, in parti ekt@slytic procbseeimemticlptssbiels! kg berols ifttsdubey asgfeb@gns. Swi t ched
off, since in this case oxygen is no |onger consuned in the process. For

t he purpose of controlling the tail 10 gas fed in to the off gas, a control
menber can be prawmpldedficlectrblytiofpfocgssss sthichacan thearried huidinsccadsnazgwitly thehe
i nvention p S y [ SS
pressur e with *‘?2?‘*2%%%‘“‘{%%6“‘?E*év%ﬁ??ﬂ‘gﬁéud@ DA NEETRIPLEN cecRbReR
the invention PYtalsme-anuptheds ofrepreding ammaniyn yulpBatp pr peEonien gitragg ma mg
oxygen- consum Qg @fadxtyggecoﬁshgmgg(mmegonsum ng cathode is preferably
configured as described in EP-A-1 061 158. In particular, the
oxygen-consum ng cat hode preferably includes, as a netallic support for

di stributing t Rertiehiadyr pnderred f ebettatytaf Ebtesses \are eNaCl séléanelwsit mndk diCiM r e

or sone ot her @fe%f%l'ysx'é ?ﬂoﬁlﬁgkx%eln-c%nsﬁngg cathodes, in which oxygen is introduced in
about 50% stoichiometric excess, based on pure oxygen.

The process pressure at which the electrochemical process operates depends on the
nature of the electrochemical process and the gas diffusion electrode chosen and is



20 Inconel. So as to avoid poorly conductive oxide or hydroxide |ayers, the
alloy in question should |ikewi se be silvered or surface-treated in sone

ot her way. O‘ parti cul ar advantage is the use of a deeply patterned support
such as e.g. e{f@dﬁl @k hheof 'f#ahp@ 0@i tb® eaogﬁe@‘@r%l{y%&ﬂ 1foaty b0 mbar,

mat eri al . The t ITB.tI’IX referably conprises a nixture of Teflon (to
adj ust the hyd?%’ﬁﬁé &op, 1Q#y2 ‘5) b @B@Y@c%‘m‘)&? chisPressurg; partisplanly prefgrably

el ectroconducthtvgg@magm@g&bresglr. Vul can bl ack or acetyl ene bl ack, and the
catalyst material itself, which is finely dispersed therein and is mxed in
in the form of catalytlcally active silver particles. The catal yst matrix
is preferall y $hettexdbgasdpdssmre ppaesiutoethbqradget pump lpenarajpp exteeds the process

Alternatively, 1t.i e t i bon
bl ack) 11 the Bibuts ol THH Bt g 1gh. 37 %‘519“%*‘%;* L Bt BE AR HiREd Oprdck R 00
been render ed Q@ﬁﬂh@bYﬁ@Mé%%b@té@eﬁlﬁllxﬁ@m 5\7@3 b#rat nost of the

catal yst particles are also in electrical contact. As described in EP-A-1
061 158, it is_possjble, especi. Ilyfl NaCI eI ect sis,. to di sgense W th
the presence ol akaligrRatbyeeRbedimenicofohe dast ihedpygien the PEasest ot
the el ectrpyle pRbsur& apsIidl @ttae %@é §9t Youbip 1'§€ffdn®r1 t@rﬁi)OSmbmelprefél’ﬁBlySfrd)meﬁ’O to
assum ng the f Qq?tl onbolf el rron conduction as well as that of catalyst.
Accordi ngly, W@f” 88ve?t5'8§:p}}e§m|péedﬁwed which is sufficient for the

particles to touch and to form conductive bridges between one another. The
support used c t al
foil, as knomﬂ?}%%agé;w?g?iﬁggmﬁg% é)rgisureoLrS%elO% P&Jrrgl%ic re%ﬂ ver %Iq%ggra ed
ni ckel or sil vBressriged aith the sidsafaeompresser ay a blowsr fcrrrfb%ﬁ@rpogq @%fnecmgdfaﬁ ng
to a furthey paeiephait @easd. ment of the invention, the nmethod according 5
to the invention is enployed in HO nenbrane el ectrol ysis with an oxygen
consum ng cat hode. The practice of HCO nenbrane el ectrolysis by neans of
oxygen- consum Rgfaablypthe feddsgagyénferdad khe das gavpuing dt hdkev mké Whiel cbrrespoadatd
and is describ f in 7 197 .an
U5 A 5 195 782t G b 8B Eess, Bt Ball a5 P Koot B o Pl e d i
according to tpemparedmithdhe e@whmn¢tmpmmédn Dﬁth‘?eféwoelﬂemlh@l process If the
oxygen- consyim Rgd%al HRARInARRGHpRAH:d gacﬁ Q@ég 1Hb&l?gh§é§tth9ﬁﬁrces]s§nﬂ_§@%e &t Aed
l'e

according to the invention.is artlc Suita for inplenmentation in
conj unction wi P‘Pfr?fPPr'Eﬂgg 13 ighey, W%‘P@“Q’é‘g%& ffusion el ectrodes, especially
with the dinensionally stable gas diffusion el ectrode descri bed bel ow. A

di mensional |y 0 | ectrode pr tlaII usabl e in the
met hod 20 accof&dﬁiﬁég%?g??thg%h\/ent ?egﬁ Eoniir f:xspaBde({ %FGE stpmcr? s PRABLE Al

el ect r oconduct infrdbeadatoythe reaatsprochannizer éx whichftbe elkectrocheniicd ipripess tobesaplyet

mat erial - cont ajdh NE& QAL | dach g@l"%(ﬁﬁj y
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of silver powdBesapg referably cff?ﬂé@%é%\d@rt ﬁn‘éPeT“Emlgoﬁreﬁ%\F\%Ié? te gasxdiffustorof

finely disper Seldc@d)deV@[usp@l\m esSlireSios e tAX i 1eRs pw&f@xrab@r the @rUée@ﬁ pibssaRe
silver powder and si | omder an
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bonded fibre \/\eﬁghe@adt@sesjpam@ut ffooatine prodesd 4s tail gad. ect r oconduct i ve
material, #n expanded-netal plate or a netal plate that is provided with a
mul tiplicity of perforations. The catal yst material-containing coating
conposi tion i sThpphFRr Bressusp esneraigh ke theyfoed wapidcxpauledmanias At laptoh

has sufficient ftﬁ&tﬁihudif&he il Qﬂ%@tb fbefagﬁlraiém{/fhltﬁwglctlﬁﬁ Iside @FMDgdéSbSund# and to
addi ti onal bas

rrechanl call
el ect r oconduct ﬁ?/g? @8 885%8“{%58 %§§§u‘ﬁl§)r“n‘3§bquﬂ‘ég?sﬂfe§ H’é‘?‘ﬁlclap(?elfagé ]Engt e
or a stiff fabmaahc)gradlqnaheiwdem&bdtgas prasspsr dndqurdaess prskaref ni ckel or its
alloys or g4 kali-resistant netal alloys. 35 The open structure serving as a
catal yst support material conprises, in particular, a fine wire fabric or a
correspondi ng éxperdingdoreprgfertedi qmbadimensrofshe énventigre|the tailegan soeami meysles
material with whb ek élgﬁr&f&tc}h}zﬂé&s P4 st vig @ ool rﬂgmﬁ rbVided BMAE $4il- ?95”

interlocks when it is_rol | n one enbodi nent, open structu
prior to the stream, off-gas stream and/or recycling-gas stream. the aid of the control

member, the amount of the tail gas to be recycled into the process can be adjusted to




-.8- cat al yst material -containing coating conposition being pressed in or
rolled in, is metallically bonded, e.g. hy.sinter-bonding, to the quite
open, but nore conpact and stiff substructure itself. 5 The function of

sai d substructgrg d.61 EJ‘PGO"/bea@éH SPHTED asd'l"féf&gblg/hﬁmeqa%u\%}d)fgﬁe%ll Q&%Sdeng

In the catalyst materla-contalnlng coatln tion
process, is quictkcladhingo the nEpressnis aéthteé\F%HalP?ﬁQf Em 88t PS5 Yeel at ed
interstices between the two | ayers and consequently to |nterlock even nore

effectively The net.al f.o base e is prefer sel ected from
Che- ar oup. Lonsi Bt HGPGHOR4BE S eah eRL o) B GROTREIES T Py £
ni ckel coatsed widam & fadeinto akie bff@gﬁsaﬁhalﬂﬁﬂﬂlupreﬁirﬁ}bta‘mes nattak mbiedy.is thus
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In this case, the catal yst materi al al ni ng. coating co 0si tjon

ch,
in a previous PREEBIZNQ{QLger FRISUER i s ATegESHLRor ik BITHOSE iengpliag th dial
rolled dirget! yasfod én fohte bﬁs@sﬁddmabumem\bbﬂ & batprévigedsianie bifipas e@éan.as a 20
catal yst support material. No additional catalyst support material is used
therefore. The catal yst support naterial preferably conprises carbon,
metal , parti culhe nethmidcdoebrdong i thk ehveatibowyspreferably ainkkehiented sirslien assemuetl b

alloy. 25 So t t fectively through the
base pl ate, th%ﬁosﬁlﬁegg ﬂﬁér;)efsgél%%ﬁ%?pwag ﬁggﬁuﬁﬁﬂll p |t§Ft8£ff%§ perforations,
particularly slots or cylindrical holes. The perforations preferably have a

wi dth of ats mMfgthe n{Bifod aﬂ:c@@'iﬁg &Uth@'inv%hu&?%tlmbléném@d thhRa @l Qe&rdtais b@ﬂﬁ a
| ength of up to 30.nmm 30 1f a oamg}f)ggébous sintered, structure is u

the pores have'¥ Hedh OXYESRECBIUIGNE §A f Pxy¥genfppusuBIng athage ‘%ﬂ)FethrlaEWe is
di stingui shed bynflpuedd ad déderibed imEP-Allefbbl168 sl‘.nr pmg'tlhiar 3he Bkg@@l’-ﬁﬁbwmrtghe

gas diffusion &BE%J Sr%?ergbﬁ}% ahéiﬁ&eéegp ? Etaﬁ%t f&i'r'tS ﬁ%trl %tlg% %glec{ro%s a

si nt er ed- net al gonned
el ectrochem cafabrleaafmlm e ar alﬂmedoemh@ \Elmrprrmdthﬁnalbamsmmtaﬂhymg t he

gas/ i qui dvdlgmceﬁaSSr)eﬂ%ra%l oorfy @mﬂfuetfl sﬁqe%ffl yaﬁ;m&f lal E&% EH%S lloy in
9,8 i Al

di ffusion el ectrode which can used I nt rret o accor di
i nvention is cAdsHeR shpyldglikevish be sihisradage sprfageatrented am sewse@th@rr avayg Of

surrounding ri ﬂaxﬁf:ular dtc&@ﬁ{fagélsr’tﬁt wh 6fhn @&bl&e@tﬁeﬁle& @ﬁpb’d?t $URR ask @Cfdl0egde of

lly b t
or ot g o by Me IR aRCHESEma Rt OE Bl 08¢ ShBReh BN R EERE gas
pocket to be ccmmemieed rmxtltrhef defat (toadjusixhe dnwdtwhohumejf end the fdoowsity dbr pdse

gas diffusipn glRcinpds wgétﬁﬂoﬁﬂﬁtlbghe o, ari/t\hﬁcdﬂeﬁlgag oPEERNIGN B1ak R, I

invention i's characteéri zed st sug
the catalyst material itself, which is finely dispersed therein and is mixed in in the

form of catalytically active silver particles. The catalyst matrix is preferably sinter-
bonded or pressure-bonded to the support. Alternatively, it is possible to dispense
with the carbon fractions (carbon black) if the catalyst density and/or the

30  hydrophobic support which has been rendered conductive are adjusted in such a way
that most of the catalyst particles are also in electrical contact.

As described in EP-A-1 061 158, it is possible, especially in NaCl electrolysis, to
dispense with the presence of carbon black in the oxygen-consuming electrode, so
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that the electrode matrix consists solely of Teflon and silver, the silver assuming the
function of electron conduction as well as that of catalyst. Accordingly, a silver
coverage is required which is sufficient for the particles to touch and to form
conductive bridges between one another. The support used can be in the form of the



10 material and the catal yst material -containing coating conposition are
bonded together by dry cal endering. A preferred variant of the gas
di ffusion el ectrode which can be used in the nethod according to the

Latalyst it er T Bt R B oty O T Vot
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cont ai ni ng water and possi bly organic solvent (e.g. alcohol), and is bonded

by subsequent dqrying, . Si in nd.possk.bl yv. by.densif.icatiaon 0 .

aoh eve. o ovBatdiried? yThire Rt BRBGRAH R n FRERGAE U ol hedaine

el ectrode, row sheonnventinmde, emplogeds pecil@l rokasbrgng chestrabisis Wit basexygkat e

and the cat al yg&nsﬁ&ﬂg&ghd@teri al, of an additional electroconductive gas
rice,

di stributor fa peci ally made of carbon or netal, especially nickel,
or an alkali-resistant nickel alloy or nickel coated in silver, or with an

al kal i -resi st afthe BRicAbe 6 HOY medrdng cfecBBRGisdy REHA0 GF BRylenUonsidhitlg @athodes

di ffusion el ectrode V\flggocan bﬁ usg(g in, the net h8d S(%cordl ng to thei :

i nvention, the'Sh&ETPHIYaKRoWE Lo Ahoss,sikalled, . theqarf gnd Js Gsierhed: fofg X amPlga
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mat eri al - cont aimplagentedt bngnesspolsiths onygamr-eansemingr eathodasedescabed igadeseght
join to the ri m@fcatibgs. Pase plate in the rimregion of the electrode. 35
The gas-tight Join can be achieved, for exanple, by sealing or, if
required, by ultrasound-assisted flat-rolling. If a foam or porous sintered

structure s uggd nashdd@ceminl Sthe $iRAOGH isTkdulaly witablodobhsslefb@htion in
coating of the structure. w

with catalys teri.al -.containikng coating. ., -, 10
compostt on 1 scrurraBgisy dmpirpLd Sl RS PGB sRE i e,
regi on to achi dimemsiopaBy staplatgas diffusiogictaetrodthdesgabeddheldwisi on el ect r ode
preferably has a rimw thout perforations or a rimsealed S by
pressure-bondi ng a porous base structure, and, at said unperforated ri IS
j oi ned gas-ti ght finensienally stablscensdlitfusior electreden Arefarentially bl da| the @@R&h@r&n

appar at us, 26 or a&%adRE o e P& YomiRised Rdeass Ohél elebREoonBRétiventtal ydt LBHPIRE.
cl anpi ng or the use gf al kal i -resi st anaﬁ),gtel ectroconducti ve, adhesi v 10 If

the gas diffusPFrEl &% psammaedaning aalyst mpalenal-copEIE fPAling ‘i"é‘H’é’PﬁiBH’ 1n
appar at us by npamisulaf mirtuchsrod fmelysdibpbesedrsijyvert foavden pe fihelyatigdrsed milver oxide
preferably free [ S| r . [ i

el ectrode is ] §?Vr¥8%roﬁl{x¥eesef%e;cque g@%%lrfn&cag’?Q?g%%??genp%‘_g%%%gﬁ t}g’ hgg}li%e@ﬁ%orof
bol ting, rivet imytures efnfingly dispersed siluereporder Dredilver pyide mpmsier ve midhees ok,

the unperfosat efhdri JHwRIcPhid AiNer MY dvirfer StdrbiGi FoW&rhthfefEﬁSpducfeEUaﬁidoﬂa

electrode is integrated into the el ectrochem cal  reaction. appayatys by
bol ting, rivet Flﬁﬁglcéll canpesiipn. theerafal vt suRRosmaierigheinga fabgicapendeg fibre web,
advant ageous| y smeaéEtheadidbing lor fdleofBdeviioctgiupti ematetial, Ak expamded-arhd plhaabr
apparatus 20 by neans.,Qf resilient, liner. Vet i.s _descri be
polow i - mor e Hetar Rl el FE pisyfl, whB ol iRyt 0 oBRisifindralle GRGHst
reference to thataptoopamyigngoating rogpbsitinhds eppligguere tap ohisaid catadshenppart
d‘ﬂ" g(:;’”l Z(f) antR&H) fWific MO AuffRMnt Oexub TRhER IR CRANINAO st PerifY ik Osh
Pl € additional base plate to be dispensed with, or which is mechanically and
electroconductively connected to a gas-permeable stiff metallic base plate or a stiff
fabric or expanded metal, in particular made of nickel or its alloys or alkali-resistant

metal alloys.

The open structure serving as a catalyst support material comprises, in particular, a
fine wire fabric or a corresponding expanded-metal foil, filter séreen, felt, foam or
sintered material with which the catalyst material-containing coating composition
interlocks when it is rolled in. In one embodiment, said open structure, prior to the



An HO rmenbrane el ectrol ysis was carried out using 76 cell elenments of 2.5
n2 each, using the configuration sketchedgi-n figure |, using an
oxygen-consum ng cathode 5 and a gas jet punp 1 from Korting, Hanover, at a

specific currenfadgnahtedalddonthilifl Hatidd) BompbHOse beiapTREIBR R RTrollBE in, is

el ectrol yser bei nﬁ_ fﬁd Wi "B 255 nB N/% Ocii gure ox‘égen, i.e. in excess qf
about 50% Themg@ticR W’H@‘i af & BaanifEPARding JAths AUEORGeNtARRre SAMPAFIANG! | v
wat er vapour aqdf subseesuefitselfl . 10 The oxygen was fed to the electrolysis
process under a pressure of 4.8 bar (feed gas pressure) via a gas jet punp
1 and was expanded therein to about atnospheric pressure (process
pressure), 5 heThesurctiongpfpraeb substructufel &r that pfilan ssbutmeny dasinghtbe dperatiog dfor ce
for aspirati ngpégg@nggﬂaf! 0 Ly EXpaRtial Airaiffp CRRhE! iU WU dnOftigen.

The unconsunmed oXydgen is consequently aval e as a process, gas to the

oxygenl5 consuPfoRRFScistaMie ablgde srgad p qyendnta sEuisaelaind gtessticghetpggrythe

gas- cont ai ni ngrdRlialerd afd arfc@Raby 1@ iRefl6dk dvehndrbeffgitieegss by the gas j et
punp 1 via a control valve 2. A substreamof the tail gas was fed, via a

servo-valve 3, into the off gas stream the off gas stream bei ng designed
in such a May Thainetal faralebdse iphatshyrefofably detecpddien theegroes sorpisasg of sickelom
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punp in the nmethod "accor nvent on, e oxygen:iric | “gas was
recycl ed into rehistapt mewdalloyni t hout any drying or cleaning being required.
Consequently, even feed gas hum dification which had hitherto been required

in NaCl electrolyses could be, di spensedq with. The, oxygen consunption 2
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| ectrol ysis, " ; de,.3
avorded. " VD DR STeyOR JURCKIIY BRI r ST s PhclATRAE oS o
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one gas difd ustAays!sappdrbteriah Aloddaionaeshtdyst shippoefitefiflas hedd thwvefige.St €ps:
- feeding feed gas into the el ectrochenm cal process via a gas jet punmp ( 1

) under a pressure which exceeds the process pressure, - expanding the feed
gas to processThe esslystesuppord npaeial ptefgrably doinprisepecaebant, megpl apatiailady nickel
pressure which_j t D, e, and - aspirating feed
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gas-cont ai ni ng process gas y nean t he suction pressure
generated in a gas jet punp and recycling the tail gas into the
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or 2, characterized in that part of the tail gas is discharged fromthe
process as an ?flé pgﬁ‘gra%%ﬁéa %Fgferably have a width of at most 2 mm, in particular at most

1.5 mm. The slots can have a length of up to 30 mm.

30

If a foam or porous sintered structure is used, the pores have a mean diameter of

preferably at most 2 mm. The structure is distinguished by high stiffness and flexible

strength.

35  Preferably, the gas diffusion electrode catalyst support material used is a foam or
sintered-metal body, a rim provided for connecting the electrode to an
electrochemical reaction apparatus being compressed in order to achieve the
gas/liquid-tightness required.



4. Met hod accor di ng to any one of the preceding clains, characterized in
that the process pressure is controlled viga a further control nenber (3) in
the off gas stream 5. Method according to any one of the preceding clains,

characterized jnytfagkd vaBakiadflth@ss EFERE d@tble WhidCamSbe/iiddtii@hd Afetioat
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%9 m%gdl, especially nickel, or an alkali-resistant nickel alloy or nickel coated
in silver, or with an alkali-resistant metal alloy.

25
In a special embodiment of said gas diffusion electrode which can be used in the
method according to the invention, the base plate has an areal recess for
accommodating the gas distributor fabric.

30 Found to be particularly suitable for use in the method according to invention is a
design of the gas diffusion electrode in which the layer of catalyst support material
and catalyst material-containing coating composition forms a circumferentially gas-
tight join to the rim of the base plate in the rim region of the electrode.
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The gas-tight join can be achieved, for example, by sealing or, if required, by
ultrasound-assisted flat-rolling.

If a foam or porous sintered structure is used as the catalyst support material or the

base plate, coating of the structure with catalyst material-containing coating
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- 5 by pressure-bonding a porous base structure, and, at said unperforated rim, is joined
gas-tightly and electroconductively to an electrochemical reaction apparatus, for
example by means of welding, soldering, bolting, riveting, clamping or the use of

alkali-resistant, electroconductive adhesive.

10 If the gas diffusion electrode is joined to the electrochemical reaction apparatus by
means of welding or soldering, the unperforated rim is preferably free from silver.

If, on the other hand, the gas diffusion electrode is joined to the electrochemical
reaction apparatus by means of bolting, riveting, clamping, or the use of

15 electroconductive adhesive, the unperforated rim preferably contains silver.

When the gas diffusion electrode is integrated into the electrochemical reaction

apparatus by bolting, riveting, clamping, the rim region of the base plate is

advantageously sealed against the mounting plane of the electrochemical apparatus
20 by means of a resilient liner.

The invention is described below in more detail with reference to an illustrative
embodiment with reference to the accompanying figure 1, where figure 1 shows a

schematic depiction of a specific embodiment of the method according to invention.
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oxygen, i.e. in excess of about 50%. The outflowing tail gas mainly contains oxygen
and additionally water vapour and traces of HCI.

10 The oxygen was fed to the electrolysis process under a pressure of 4.8 bar (feed gas
pressure) via a gas jet pump 1 and was expanded therein to about atmospheric
pressure (process pressure), the resulting pressure differential serving as the driving
force for aspirating and mixing the excess tail gas containing unconsumed oxygen.
The unconsumed oxygen is consequently available as a process gas to the oxygen-

15  consuming cathode during the membrane electrolysis. The feed gas-containing tail
gas was once more fed into the process by the gas jet pump 1 via a control valve 2. A
substream of the tail gas was fed, via a servo-valve 3, into the off-gas stream, the off-
gas stream being designed in such a way that it cannot be shut off, to prevent excess
pressure from building up and to remove impurities.

20
As a result of using the gas jet pump in the method according to the invention, the
oxygen-rich tail gas was recycled into the process, without any drying or cleaning
being required. Consequently, even feed gas humidification which had hitherto been
required in NaCl electrolyses could be dispensed with. The oxygen consumption

25  could be reduced from 255 m3N/h to about 170 m3N/h, as the excess required for the
process is achieved by virtue of the recycled tail gas. This means a saving of about
75 m>n/h compared with a non-recycling process. By virtue of the free outflow of the
removed tail gas, the build-up of excess pressure and/or pressure fluctuations in the
cathode compartment of the electrolysis, which can lead to membrane and electrode

30 damage, were avoided.
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- feeding feed gas into the electrochemical process via a-gas jet pump (1)

under a pressure which exceeds the process pressure,

- expanding the feed gas to process pressure in a gas jet pump (1), generating
a suction pressure which is less than the process pressure, and

- aspirating feed gas-containing process gas (tail gas) by means of the suction
pressure generated in a gas jet pump and recycling the tail gas into the

electrochemical process.

2. Process according to Claim 1, characterized in that said recycling of the tail
gas into the electrochemical process takes place via at least one control member
(2).

3. Process according to Claim 1 or 2, characterized in that part of the tail gas

is discharged from the process as an off-gas stream.

4. Method according to any one of the preceding claims, characterized in that
the process pressure is controlled via a further control member (3) in the off-gas
stream.

5. Method according to any one of the preceding claims, characterized in that
the tail gas is fed to the process via the gas jet pump together with feed gas.

6. Method according to any one of the preceding claims, characterized in that
the feed gas and tail gas are fed in via the gas jet pump in such a way that the
process gas is supplied in 1.01- to 10-fold stoichiometric excess, based on the

consumption of feed gas of the electrochemical process.

7. Method according to any one of the preceding claims, characterized in that

the process pressure exceeds atmospheric pressure by from 0.001 to 10 bar.
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