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In the case of the oxygen-consuming cathode, oxygen is added, inter alia, as a feed
gas. With known methods, the tail gas produced, which still contains oxygen, is
removed from the process and fed into the off-gas without being used again.
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Drawbacks of the previous procedure include, on the one hand, the high oxygen
consumption and, on the other hand, the laborious cleaning required before the tail
gas is 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 (HCl) and possible chlorine content of the tail gas,
requires high-quality materials for the compressor or altermatively 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
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A method of recycling process gas in electrochemical processes, especially in
electrolytic processes, involving at least one gas diffusion electrode has been found
which comprises at least the following steps:
- feeding feed gas into the electrochemical process under a pressure which
25 exceeds the process pressure, via a gas jet pump,
- expanding the feed gas to process pressure in a gas jet pump, 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 the gas jet pump and recycling tail gas into the
30 electrochemical process. -

It has been found, surprisingly, that the use of a gas jet pump permits the tail gas rich
in feed gas to be recycled directly into the process, without any drying or cleaning
being required. Consequently, even the feed gas humidification required in processes
35  known hitherto can be dispensed with. The simple design of the gas jet pump allows
high-quality materials to be used cost-effectively. The working fluid used can be the
feed gas required in the process. The consumption of feed gas can be significantly
reduced, as the excess required for the process is achieved via the recycled tail gas.
This also leads to downscaling of requisite scrubbers and consequently also to
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In the method according to the invention, the tail gas is preferably recycled into the

process together with the feed gas via a gas jet pump.
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The advantages of the method according to the invention become particularly clear in
view of the following:

-~ The tail gas produced in HCI or NaCl membrane electrolysis mainly contains oxygen
30  and additionally water vapour, HC] and, in the event of membrane damage, also . -

contains chlorine. In the case of NaCl electrolysis involving an oxygen-consuming

cathode, the tail gas might contatn 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.
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The method according to the invention is preferentially used in electrochemical
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processes, especially in electrolytic processes, which proceed making use of an
oxygen-consuming cathode. The method is also preferentially employed in
electrolytic processes in which essentially oxygen is introduced as a feed gas.

o Examples of electrolytic processes which can be carried out in accordance with the
30  method according to the invention include, in particular, NaCl and HCI electrolysis,
but also e.g. methods of recycling ammonium sulphate or ammonium nitrate, making

use of oxygen-consuming cathodes.

Particularly preferred electrolytic processes are NaCl electrolysis and HCI
35 electrolysis involving oxygen-consuming 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
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In the gas jet pump, the feed gas is expanded to the process pressure and is
introduced to the reaction chamber in which the electrochemical process takes place

25 {e.g. into the cathode compartment of the electrolysis apparatus). The process
pressure preferably corresponds to the operating pressure of the gas diffusion
electrode plus any pressure lost in the lines. Preferably, the process pressure
approximately corresponds to atmospheric pressure. A superstoichiometric fraction
of the feed gas is passed out from the process as tail gas.

30 -
The suction pressure generated when the feed gas is expanded causes at least a
fraction of the tail gas to be aspirated via the suction side of the gas jet pump and to
be recycled into the process. The suction rate of the gas jet pump can be controlled
via the gradient between feed gas pressure and process pressure.

35

According to a preferred embodiment of the invention, the tail-gas stream recycled
into the electrolytic process is adjusted via a control member provided in the tail-gas
streamn, off-gas stream and/or recycling-gas stream. With the aid of the control
member, the amount of the tail gas to be recycled into the process can be adjusted to
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particular advantage is the use of a deeply patterne support such as e.g. felt made of

fine fibres of the abovementioned fabric material. The catalyst matrix preferably

comprises a mixture of Teflon (to adjust the hydrophobicity and the porosity for gas

25  diffusion), an electroconductive support, e.g. Vulcan black or acetylene black, and

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 posstble, especially in NaCl electrolysis, to
dispense with the presence of carbon black in the oxygen-consuming electrode, so
35  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



25 diffusion), an el ectroconductive support, e.g. Vulcan black or acetylene
bl ack, and the catalyst material itself_ which is finely dispersed therein
and is mxed inin the formof catal yt|8ally active silver parti clZesMART086
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silver, the $Dhm1ngssnhndmg the function of electron conducti on as well as
t hat of catal yst. Accordingly, a silver coverage is required which is
sufficient for the particles to touch and to form conductive brldg

bet ween one dhstrneatice B & upgrabrencielegtral ssis b means ofcoxygeanconsuntiag cathodes3 MAR
2006 wire fab gl’-:ﬁe];raW ﬁ&%nfaeﬂmgefs@mea ththe3a§t &&p\w dEicﬁ'Eh@afc;reé)éénfp@é:hﬂm ogy,

or a felt l ver, 'vered nickel or silvered alKali-resistant

materi al 10e. dEP -Arie 0881 2%, e‘és Aﬂtécgﬁjllﬁa and KSriyely A4P %f‘@i‘ﬂécﬂ%rﬁ?ﬁ@fﬁs#ﬁnt of

the inventi Oﬁmc&ﬁﬂﬁaﬁﬂt Bod refeeacddi Mhe MethRdt Iaecdrdﬁngntd Ofiei fnveRdOy&E ibe HCl
nenbrane el ectr

Si s th an oxygen- consum n ractice of HC
Tenbr ane o dEPEIYRIE By Meis ! B8 yERT SN & DR GESR ofEes |y
known to thogebkédtiohed i n the art and is descri bed for exanple, in 10
EP-A-0 785 294, US-A-S 958 197 and US-A-6 149 782, which are expressly
i ncorporated by reference. The nmethod according to the invention can be
i mpl enentléd Bihemeethed e¢cording @x#genvwguﬁpwgc@anlh@m@blﬁﬁsompw@mtaumhese -
publi cations e irl&'&ﬁl PRthNAfeRGSAIL §18b1E @ad Hﬁfds{b\ﬁeﬂleét%eb Sesgétflﬁi'lf W;@{

e gas

suitable for enentation in,_cQnjuynction I mensi on y ‘st
di f fusi on el eepeleae@llyee;b@oga&dvfﬁqu eqirpde dgsesbrd PIJRRT | y st abl e gas
di ffusion el ect rode described bel ow A dinensionally stable gas di ffusi on

| ectrod tial bl th di the j ti
compri ses at 7 Suststely s Bbo PR AR PR P L e
accommodadfi ngeeordingab ythd invention edmprnet at feastgpne edddtrogomiucios catalyst, support
parti cul ar Motk el diBle b SPERTGH BhleBLPORRE Bl DShsodhspagsed

silver oxide
and Teflon p@an@lllammxtﬁrw@r@!ﬁlbﬂlspﬂﬁ%d silvigr Bg‘éﬂ@eﬂ fgielwélﬁP?J‘M%}‘/eopxgkl ver

oxi de powder 8t,dB ¥t Mi:88re@of silver powder and silver oxide powder and Teflon powder or

mixtures of finely dispersed silver powder or silver oxide powder or mixtures of

Q]
Lh

silver powder and silver oxide powder, carbon powder and Teflon powder, and an
glectrical connection, the catalyst support material being a fabric, bonded fibre web,
sintered metal, foam or felt of electroconductive material, an expanded-metal plate or
a metal plate that is provided with a multiplicity of perforations. The catalyst
-~ material-containing coating composition is applied on top of said catalyst support
30  material which has sufficient flexural strength for additional stiffening using an . -
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 screen, felt, foam or
sintered material with which the catalyst material-containing coating composition
interlocks when it is rolied in. In one embodiment, said open structure, prior to the



25 silver powder and silver oxide powder, carbon powder and Tefl on powder,
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mat eri al - contartii'n previ ous process step,
has been2® ol p@dly@muppm ma@nai d\lﬁgﬂd@h@@ﬂ catalsfstrsapp@'drrmtar@btsllyeci memfme base
structure which at the sane ti rre acts as a 20 catal yst support material. No

addi tional catalyst support mat afl 'bf used, t herefore.
The catalyst support materla pre erably comprises carbon, metal, particularly nickel

or nickel alloys or an alkali-resistant metal alloy.
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So that reaction gas can be passed more effectively through the base plate, the latter
preferably has a multiplicity of perforations, particularly slots or cylindrical holes.

The perforations preferably 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.

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.

L2
L

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.



The catal yst support material preferably conprises carbon, netal,
particularly nickel or nickel alloys or _an alkali-resistant netal alloy. 25
So that reaction gas can be passed nore‘gffectively t hrough t he ba?gMﬁk@ﬁ?’
the latter preferably has multiplicity of perforations, particularly
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appar at us beietegtrodepr essed in order to achieve the gas/liquid-tightness
required. -~- 23 MAR 2006 A preferred variant of the gas diffusion
el ectrode which can be used in the nethod according to the inventron is
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the el ectrodegetiferiyrdriedletidegingr red form of the gas diffusion el ectrode

whi ch can be used in the nethod according to the invention is characterized
in that the catal yst support 10 material and the catal yst

mat er i al - contAaiprifarged eatann gf dengessdiffusion aleetrbdmdbah dandet ised ibyhedmgthod

cal enderi ng. red. j: WARTEY ] can be
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sintering anddposthibby deysifletioinf i cati on. 20 To achi eve inproved uniform gas
distribution within the gas diffusion electrode, provision is made, in a
speci al design, between the base plate and the catal yst support material,

of an ad@Dt i dwahchidvecimmrovellusiforve ggm disttitsttion buithin tha tgas cliffespre clestdoge,made
of provision is made, in a special design, between the base plate and the catalyst support
material, of an additional electroconductive gas distributor fabric, especially made of
carbon or metal, especially nickel, or an alkali-resistant nickel alloy or nickel coated

in silver, or with an alkali-resistant metal alloy.
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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



carbon or netal, especially nickel, or an al kali-resistant nickel alloy or

nickel coated in silver, or wwth an alkali-resistant netal alloy. 25 In a

speci al enbodi nent of said gas diffusi o_nloe_l ectrode which can be uzz%ﬂ@he
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a schemd? i cbuapaps plontestiegt Wpsgci fi ¢ embodi ment of the nethod according to
i nventi on.

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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76 cell elenments of 2.5 n2 each, using Lﬂe configuration sketched in figure
1, using an oxygen-consuni ng cathode 5 ahd a gas jet punp 1 from Korting,
Hanover, at a specific current density of 4 KAl n2, the cathode coppp,aﬁwt
of the el ect EX4MRIE: heing fed with 255 nB N h of pure oxygen, i.e. |

excess of about 50% The outflowing tail gas mainly contains oxygen and
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stream bei ng designed in_such a that it canpot be shut. off, o prevent
excess dpessIWéDWg%‘mWBﬁif?dgfoﬁee Gggéﬂlds‘tsé’r?“éﬁ% qrﬁrgg?qquee%f}l.égar@e $¥sul t
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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
could be reduced from 255 m’w/h to about 170 m’w/h, as the excess required for the

R
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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. .-



conprising at | east one gas diffusion el ectrode, characterized by at | east
the follow éogﬁ:?]{jeedi ng feed gas ipto the el ectrochenical fraée!%{ Niba
a gas jet puﬂ’%)?jf Bfber a pressure whiléh exceeds the pROESERO2HSH yr e,
expanding the feed gas to process pressure in a gas jet punp (1), generating
a suction pressure which is less than the process pressure, and aspirating
feed gas-contgiimsng process gas (tail gas) by neans of the suction pressure

generated in a gas jet punp and recycling the tail gas into the
el ectrochem cal process. 2. Process according to Claim1, characterized in

that said retyclingtind tdfe ré@icling gacesst @as hitel act sleahwhiemadal ppReess t akes
pl ace via at | east one .control nepber. (2).. 3. Process accordi to daim1l
or 2, charact&PRyEE @ l?;ﬁgton%aﬁs g’?ﬁ?% ?zlg?tfo?aﬁaé?rgmaf%eccﬁgw dpeg?to °t he

process as afollohingyaepsstream 4. Method according to any one of the
precedi ng clains, characterized in that the process pressure is controlled

via a further control nenber (3) in the off-gas stream- 5. Method-according
to any one of thefepdingddehgasinde the elebechematal peatesh vishagas isteumy (1)gas i s

fed to the pr oces&&é}gﬁ%ﬁurg%i&péxcgwmpg Plgn,gégg el feh feed gas. 6. Method

according to any one o e preceding cla aracterized in that the
feed gas and tail gas are fed in via the gas jet punp in such a way that the

process gas is SU&?Jahﬁﬁ%itﬁb fke® &as foPrd&dsé e.dsuaséﬁiac@asqmeéddlﬁ(quge%ﬁa,ﬁnbased on
the consunption of fee q%as of, .t he el?tf rﬁéhem cal “process. 7. Method
according to any MEUGR PRSI GRS AeS ian the Progrss PR WEE: in that the
process pressure exceeds atnospheric pressure by from0.001 to 10 bar.
- 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

).

~

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.



