0 8 OCT 2003 Electrolysis process The invention relates to a procegs lfLCTrZUDZ%
the parallel operation of amal gamelectrolysis 5 units and nmenbrane:

el ectrolysis units with a common brine circuit using a mercury- resistant
oxygen consunabl e cat hode in the nenbr ane_FI_ectroI ysis unit. The oxygen
consumabl e cathode for use in NaCl electrolysis is knowm in principle from
the literature. For its operation, for exanple in a pressure-conpensated 10
arrangenent, as described in DE 19622744 C, brine in the conventi onal
menbrane cel | Eroablysis procgspl oyed. I n order to protect the cathode
activation, this brine is kept free frommercury. The mercury

contam nation of the NaC brine known for chlor-alkali electrolysis by 15
the amal gam nethod is typically fromabout 10 ng/l to 400 ng/l in normnal
operation or p&ad f : Unj ' - Of
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t hrough t he nenbrane romthe anode space- This results in an irreversible
Increase in the voltage for operation of the electrolysis unit and
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nmercury-free rine circuit. variants are associ ate
conpl exity. At fepfPm meFcUdvel op mercury-resi stant cathode activations have
not brought the 30 hoped-for success, and consequently nercury-free brine

must conti nue be used as the starti ol.nt, for ful utili.zation of, the
ot o Ont e e Perdiey Gattamination of e oot s itoiiaf shlot Bkl HatRBE R oy
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or as a peak value after shut-down of the unit.

It is known of common membrane electrolysis units that mercury, in particular in the
.above-mentioned high concentration, results in relatively rapid passivation of the

20  cathode coating (cathode material) by mercury ions migrating through the membrane
from the anode space. This results in an irreversible increase in the voltage for
operation of the electrolysis unit and requires greater energy input. Parallel operation
of classical amalgam electrolysis units and membrane electrolysis units with a
common brine circuit is therefore not possible, apart from the alternative of carrying

25 out complex mercury removal (precipitation) from the brine intended for the
membrane electrolysis unit or alternatively constructing a separate, mercury-free
brine circuit. Both variants are associated with high complexity.

Attempts to develop mercury-resistant cathode activations have not brought the

30  hoped-for success, and consequently mercury-free brine must continue to be used as
the starting point for full utilization of the energy saving. This is usually carned out
via separate brine circuits or mercury precipitation using Na;S. Both routes are
complex processes.

35 A further aspect plays an important role in the case of step-wise conversion from
amalgam electrolysis to the membrane method: if the energetically less favourable,

mercury-resistant cathode activation is to be used during parallel operation of



35 A further aspect plays an inportant role in the case of step-wi segggm 2003
conversion from amalgamelectrolysis to the nenbrane nethod: if th
energetically | ess favourable, nercury-resistant cathode activati on is to
be used during parallel operation of 0 8 0 C T 2003 2 amal gam and nenbr ane
met hods, with the aim after conplete refi4ting, of changing over to the
opti mum but nmercury-sensitive cathode activation, the entire brine and

lye circuit nust first. be rendered totally nercury-free, which causes
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circuit. The process | ave t own pr esses W
oxygen codsurfiBle cat hodes. The obJect |s achleved I n accordance with the
i nvention by the use in a nenbrane electrolysis process of oxygen
consumabl e catﬂggﬁ% whi ch ar reS|s%ant to the effects 15 of nmercury. The
object is furt P Washihetrdorepbased on tbe kgewn Rosr - tcbﬁrté&%ahglwrobmﬁch
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sodi um chllér i dercovnilae mirogess 39 thhiane the wiivansages lof| knopar p:tocensesofmﬁmmimm
el ectrol ysis %h&lﬁn@tﬂﬁ cARody;ane electrolysis units with a conmon brine
circuit, conprising the steps feeding of the brine froma salt dissolution
station to a preci pltation and filter station, and coarse renoval of

sul phate, calcr ltbn&) Bét iFREMEvddHR dceBRahdeOMth rt‘lﬁ‘e Rivemfon By tHaCusedR a membrane
preci pitation ilLter sta i on, diVisi on of the brine into aépn&llﬁn Lream

and a sub-str ?ﬁtm &R%ﬁg X ygen cRBSURASHF cathiqdes whigh ar, Eesistanh
amal gam elléct raflgaicaryuThé object is furthermore achieved by the use of a Ca/Mg ion exchanger |

which reduces the Ca/Mg content, even n the case of mercury-containing brine, to
< 20 ppb, which is necessary in order to ensure the full service life of the membranes.

The invention relates to a process for the electrolysis of sodium chlonde-containing
20  brine with parallel operation of amalgam electrolysis units and membrane electrolysis
units with a common brine circuit, comprising the steps:

feeding of the brine from a salt dissolution station to a precipitation and filter station,
and coarse removal of sulphate, calcium and magnesium ions from the brine in the .
25  precipitation and filter station,

division of the brine into a main stream and a sub-stream, electrolysis of the main
stream of the brine in an amalgam electrolysis unit,

30  pre-treatment of the brine sub-stream by removal of free chlorine in a dechlorination
station, precipitation of, in particular, Al, Fe and Mg ions in a hydroxide precipitation

station, and, if appropriate, removal of calcium and magnesium ions from the brine,

subsequent electrolysis of the brine sub-stream in a membrane electrolysis unit, and
35




30 pre-treatnent of the brine sub-stream by renoval of free chlori nd 8 BCH2003
dechlorination station, precipitation of, in particular, A, Fe and My
ions in a hydroxide precipitation station, and, if appropriate, renoval of
cal cium and nagnesiumions fromthe brine, subsequent electrolysis of the
brine sub-streamin a nenbrane electrolysig_unit, and 35 0 8 OCT 2003 3
conbi nation of the anolyte streans fromthe nenbrane electrolysis unit and
the anmalgamelectrolysis unit to forma joint anolyte stream where a

merbrane el ecédmbliy@ion oNite BRIHO Gtrdari® T Yhe Bfnray el@t‘ﬁ‘(ﬂ?slis QAN SihaBihee
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of a mesh of sélbatrnlysid urdt havinga mestunptesisrdt miygke bonsufablercathodt ivused.

| ye-resi stant alloy, for exanple Inconel, which should |ikew se be
silver-plated or otherwise treated in order to avoid oxide or 10 hydroxide
| ayers of poor Thooeniigen consuynablEvathede hasf the falleprg strunduner ed support, such as,
for exanple, felt made fromfine fibres of the above-nentioned nesh
material, is articularly advant ageous. The catalyst matrix consists of
the known m xtﬁhfemstalhcmpp@ﬂ forghstabutiam afdhe elgetrangcopsistbiof  mesk atisipsr varet y

for gas diffushofiveRplatldafiéitel Gatel of anStﬂ&dHEJrésYsanﬁlAHQg,ribr exdMipl€ RRBRLIEWRIch
vul can bl ack Oého% e§%l ene bl ack nd, the catalyst 15 material itself finely

di vi ded t her ei fvise b sibyer-plated, of otheryise, thratedains oyder ¢a3vord gyideqr
sil ver par10 cl kgiroxiie la3@isadf\br BFiduttivitys The Qe 1l dedp-fheaselsuppbi, SRR as,

support. Altegnatively,.the carbon. component,s (.carbon bl a ls% an .be . .
o Fred i1 thelBararpla fehddE iom Tk oy N g iyt SBRIBT L BEESisED THPEH: Fas
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and si | ver s wWhgh@rhDRself ih¥§ divi6s tiesn, WRick ¥ aliX&d-inl AGE iferh ofka@lytiakigs on
the job of electron conduct l on, . and . .
active silver particles. The catalyst matrix is sintered or pressed with the support.
Alternatively, the carbon components (carbon black) can be omitted if the catalyst
density and/or the hydrophobic support which has been rendered conductive have
been established in such a way that the predominant amount of the catalyst particles

20 are also electrically contacted.

As an alternative, the carbon black can be omitted in the oxygen consumable
cathode, so that the electrode matrix consists only of Teflon and silver, where the
silver, besides the catalyst function, also takes on the job of electron conduction, and
25  correspondingly a sufficiently high Ag loading is necessary for the particles to touch
one another and form conductive bridges with one another. The support used here
can be either the wire mesh, a fine expanded metal, as known from battery
technology, or a felt made from silver, silver-plated nickel or silver-plated lye-
resistant material, for example Inconel steel. It is essential that the silver catalyst is
30 stable toward mercury.

Further preferred prerequisites for parallel operation of amalgam and membrane
electrolysis with oxygen consumable cathodes are the maintenance of the sulphate
content at < 5 g/l, which can be established by means of a corresponding procedure,
35  for example continuous or discontinuous removal of the sulphate by precipitation or
alternatively sub-stream precipitation, for.example with addition of CaCO;, BaCl; or
BaCQ;, or alternatively, in particular in the case of very low-sulphate salts, by



25 correspondingly a sufficiently high Ag loading i s necessary for tHfl8 0CT 2003
particles to touch one another and form conductive bridges wth one

anot her. The support used here can be either the wire nmesh, a fine

expanded netal, as known frombattery technology, or a felt made from
silver, silver-plated nickel or silver-plated |ye- resistant material, for
exanpl e Inconel steel. It is essential that the silver catalyst is 30
stabl e toward nercury. Further preferred prerequisites for parallel
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| a brine sub-stream by neans of i1on-selective nenbranes in the feed before

‘ the nenbrane electrolysis unit, or alternatively another separation nethod,

| for exanple Dye Bﬁaﬁaoxﬂéntl 1ﬁnth@><IQ£@DBﬁﬁ§ cad kasily beTREPtt ANk 3 Bpin B kyoibiing
sub-streamto_ the rre elecé sis,.unit is set to sald sul phate ion
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brine can eas . d concrete surfaces
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| advant ages, |nt er alia: The silver catalyst in the matrix of carbon bl ack
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clearly totally insensitive tqQ mercur 15 The amount of nmercury mgrating
t hrough the nenskmakle catbade prefesphly asedis slearlyogally insensitive to mercury.
15
The amount of mercury migrating through the membrane from the anode space into
the cathode space is considerable under certain circumstances and can be recognized
from macroscopic amalgam deposits on the cell base. No impairment of the oxygen
consumable cathode is observed here.
20
Mercury peak loads with a concentration of up to 400 mg of Hg/l in the brine are

survived without problems by the oxygen consumable cathode operated in the
sodium lye behind the membrane.

25  The usual concentration of 150 ~ 200 mg/l of mercury in the case of normal peaks
and < 10 mg/l of mercury in nommal operation does not prevent operation of the
oxygen consumable cathode.

Experiments have shown that, in the process according to the invention, operating
30  voltages which are below those of a mercury-free operation can be used for the
electrolysis cell. The difference is typically from 30 to 80 mV. The reduction in the

operating voltage unexpectedly remains stable over a long operating penod (1 year).

The process according to the invention with an oxygen consumable cathode enables

35  parallel operation of classical amalgam electrolysis units and membrane electrolysis

units with a common brine circuit without additional treatment of the brine.




the cathode space is considerable under certain circunstances and can0@8e0CT 2003
recogni zed from macroscopi c amal gam deposits on the cell base. No

i npai rment of the oxygen consunable cathode is observed here. 20 Mercury
peak | oads with a concentration of up to 400 ng of Hg/l in the brine are
survived w thout problens by the oxygen cogsumabl e cathode operated in the
sodium | ye behind the nenbrane. 25 The usual concentration of 150 - 200

ng/| of mercury in the case of normal peaks and < 10 ng/l of mercury in
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cat hode. Experi nﬁnts have ,shown that, in the process according to the
i nvention, opelHPidEPMmen pone Lyeut plaverp sesiabilewn trosenvarsion %@F?Lgﬂmee
operation can é#ecttsiggs foaherhb@netle@ttdlpliysi s cell. The difference is
typically from30 to 80 nV. The reduction in the operating voltage
unexpectedly remains stable over a |l ong operating period (1 year). The
process accor diig prmcesmecctan&iegttborhewmmtm oxygdainedris ugradtbe deailhbslew in
enables 35 p I anmal gam el ectrol ysis units and
menbr ane el ec?{r]@lFJr%!vgqg‘%{S%fﬂS)&fq%"c(é tgﬁr@%n brine circuit wthout additional
treatnment of the br| ne. 08 OCT 2003 -5 The par all'el operation of amal gam
electrolysis u I
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circuit plays a specia I n the conver rom amal gam e
to nenbrane eI@é)t&%W%ﬁ“@a k;cnﬂ@dam@@alga@mpb@lsm the invention is
explained in greater detail belowin illustrative terms with reference to
Figure 1. Figure 1 shows the schene of parallel operation of nenbrane

el ectrolysis with an oxygen consunabl e cat hode and amal gam el ectrolysis. 0
8 OCT ?003 -6




Exanples Exanple 1 5 Overall process: The brine 9 of NaC 12 which H&& 0CT 1003

~been concentrated to an operating concentration of from 300 to 320 g/l in

the salt dissolution station | passes through the conmon precipitation and
filter station 2, in which, depending on the origin of the salt, 10

sul phate, cal cium and magnesi um are separaged off, |eaving a residual
impurity level which is permssible for amal gamelectrolysis: 15 Fe- 0. 12
ng/l At- 0.25 ng/l Ca- 4.5 ng/l Mg- 0.15 ng/l S04 2- _ 7-10 g/l The
precipitati on Egamalesi ed out in the side-streamw th 100 ng/l of NaOH and
20 200 ng/l of Na2CO. 3. Ca, My, Fe and only some of the Si and A]
precipitate out and are filtered off together. The sul phate | evel can only
be held at froBExa@plel 15 g/| via the anounts of water fromdiverse rinsing
and process operations to be renmoved as thin brine. This high | evel can be
tolerated by the amalgarn unit. 25 The brine 9 is fed in the main stream 2
into the amal g9MF@ll@EesYysis 5 which is present. The free chlorine is
firstly destroyed in the dechlorination station 7 in the sub-streaml | to

t he nenbrane el gecir.ol ysi ' xygen consumabl e cathode 4, and, in

particular, t hiﬁ%ﬁﬂ?fe%f’i’ Mﬁi‘ which3éa bR GanceRitiRdla anPPERENE LPRIUARRS ar v

for menbrane froil 300 o 820yl xihdesafir disdohitioat statiors 1 gassea through rth¢ lcymnidne

subsequent fin . | T jon.of the. brin ich.is always. nec ary, i s

carried out bysrregl%ggig# .abﬁgfh{elr %ttaglrofeg’i ‘r%‘g“’&%?‘w\ggPe %tlﬂ% PPetggior?gfrhé’?ég'f V\%lt’i on

exchanger 50 Tuphase,lcaleivng and magessiumiaresepgateg piff, ldaging axe9dyg bimpurity level
which is permissible for amalgam electrolysis:

Fe  ~0.12mg/l
Al ~025mg/l
15 Ca ~45mgl
Mg ~0.15mgl
SO ~7-10 g/l

The precipitation is carried out in the side-stream with 100 mg/l of NaOH and

20 200 mg/l of NayCOs. Ca, Mg, Fe and only some of the Si and Al precipitate out and
are filtered off together. The sulphate level can only be held at from 10 to 15 g/l via
the amounts of water from diverse rinsing and process operations to be removed as
thin brine. This high level can be tolerated by the amalgam unit.

25  The bnine 9 is fed in the main stream 2 into the amalgam electrolysis 5 which is
present. The free chlorine is firstly destroyed in the dechlorination station 7 in the
sub-stream 11 to the membrane electrolysis with oxygen consumable cathode 4, and,
in particular, the content of Al, Fe and Mg is reduced to the extent necessary for
membrane cells in a hydroxide precipitation station 6. Finally, the subsequent fine

30 purnfication of the brine which is always necessary is carried out by removing the
interfering Ca/Mg impurities in the Ca/Mg ion exchanger 3. The following are set:

Al <100 ppb
Fe <200 ppb
35 Ca+Mg<20ppb




35 Ca + My < 20 ppb 0 8 OCT 2003 7 After |eaving the nmenbrane el ectr QIgyFiTsi003
4 with oxygen consumabl e cathode, this anolyte stream 13 conbines wth the
anol yte streamfromthe anmal gamel ectrolysis wunit 5. The joint anolyte
stream 14 is re-concentrated with salt 12 in the salt dissolution station
1. 5 1f the sul phate content can be controlled via noderate renoval of

brine, this is appropriate in the region of |owest salt concentration in
the overall systemat the outlet 8 behind the electrolysis cell 4. In

f avour abl e casédtepfleaymgt ihe uhembane ebuttrobykis 4 ouithl bi)&gentdmhmma!ﬂd: €hth8de; ahisal so

hol d the | evel | Lol tat 10 gut in the .
hydr oxi de precfng% Y‘ISF?‘S‘?{RQ% éﬁmﬁé’t@h‘?a?l?tll%erg)rﬁégﬁ qn‘g?n rﬂﬂgﬁrﬂeel‘:&roﬁ’sm

el ectrolysis. WyériatThemiant anplig- steegins d dris 1@+C@0carmm¢d withAsalte | 26t thelesabthi ch
I s suitabl e fogistdigtisveatd 1. process was tested under |aboratory
conditions._A nenbrane el ectrol ysis cell 4 with an oxygen consumabl e

cat hode wi t% an area of 100 cnR conprising carbon black, Teflon and silver
catal yst on si [fveg- ﬂl[ﬂfa@cdiﬁt&hedanz& dBsttbifed Ok Nﬁmrﬁe(&mealwgﬁné’vaﬁls is
operated with nercur i ni ngejlglﬁ{cl brine. he, merc cont am nat | gn of
the NaOl bri ne REIPPHAE L MoEgap {52 SonseRERtion tthe A0St the
sinul ated a rreoculmﬁ behmd theselentolysss ¢ell 4.ylpi faeduraisle vatesqgfeantiduldrly édddr@a&n

amal gam el ectr | after shut-d of nit
528 The ol ecedity Intutieps 3hn B30 RoRERE Wt 4F R {oBh oBRRKHE R Br Brecipiecd
tol erance W tﬁ\ét "b)ébgéﬂ’dwmmwaban rﬁ)dmlcwetheatmlewmeatmmtg fgre meotbrafe at
| east 360 dayselea}lﬁg gperating voltage of the electrolysis cell 4 under
standard condltlons (current density: 3 kA/nR2; operating tenperature: 85C
bri ne concentration: 210 g/l; NaOH 30 concentration: 32% by wei ght) was

from1.92 to 10Opératoh bban Eg&estiﬁtmxeﬁdc&oaﬁl I's with

15 An electrode which is suitable for the overall process was tested under laboratory
conditions.

A membrane electrolysis cell 4 with an oxygen consumable cathode with an area of
- 100 cm® comprising carbon black, Teflon and silver catalyst on silver-plated nickel
20 mesh from NeNora (type ESNS) was operated with mercury-containing NaCl brine.
The mercury contamination of the NaCl brine varied between a content of 10 mg/i
and 400 mg/1 and simulated a mercury level as occurs in typical normal operation
from an amalgam electrolysis unit 5 or as a peak value after shut-down of the unit 5.

25 The electrolysis cell 4 surprisingly exhibited complete mercury tolerance of the
oxygen consumable cathode over an operating period of at least 360 days.

The operating voltage of the electrolysis cell 4 under standard conditions (current
density: 3 kA/m®; operating temperature: 85°C; brine concentration: 210 g/l; NaOH

30  concentration: 32% by weight) was from 1.92 to 1.97 volts. Electrolysis cells with
oxygen consumable cathodes in all cases exhibited an operating voltage of from 30 to
80 mV higher in mercury-free operation.

After temporary shut-down of the electrolysis cell 4 for operational reasons, where
35 re-use of the oxygen consumable cathode had originally not been expected since
blockages by amalgam had formed in the small (2 mm) outlet channels of the cell, it

was nevertheless possible for the oxygen consumable cathode of the electrolysis cell




oxygen consunabl e cathodes in all cases exhibited an operating voltag%B&ﬁTIW3
from30 to 80 nV higher in nmercury-free operation. After tenporary
‘shut-down of the electrolysis cell 4 for operational reasons, where 35
re-use of the oxygen consumabl e cathode had originally not been expected
since bl ockages by anmal gam had formed in the small (2 nmm) outlet channels

of the cell, it was neverthel ess possible for the oxygen consumabl e

cathode of the electrolysis cell 0 0 OCT 2003 8 4 to be put back into

oloer ?t i Fn Af t alto gk gamaal ifth {)bégswpﬁq;wﬁ cleaniay GFMe%x?Qéﬂml@uTﬁﬁlg lcathode, the
el ectrolysis ce was rted w e sanme ca as a tria
Sur pri singly, Pk@trc’lé%‘ﬂ?ﬁ fé”@élsmﬁér‘ﬁ’éla thg same Krat E‘Q‘i"rré‘s |23 R RISIAGYy B age

(1.92 V) as betahedd bgain Novkddagizh ehe tdife ot optratind @oRagel (119 Vlak defos® didim
ohe space of t BBk Sidhe bt 8 pB FATUpCPR AT ERn Gealorc TpifeB e

| east a furbdheoxiBh chasisnabid d:uhlmdepmtobhcegas sp:ﬁctee:xf theh@ltféalll was ﬂ'dsslblmamphmte
shows that the hs. fagi usi ng the

el ectrode desc#ﬁﬂﬁgqik¥ﬁ{Q%§§ZBﬁ §1§g9% %ﬁ expec ﬂgbg ‘0 the mercury
content 10 of the brine 9,11. Exanple 2 A typical amal gamcell brine 9

having an Hg cqmg %ﬁﬁm%g Si‘LBle'Elt i (J’%rdi‘ig;‘rbcéé@fg ﬁﬁlﬁ?&tedlélth&ﬂ r‘ﬂg uZm%glléér AG

was passed thro on. exchan 0 rom

at a brine thré§ HB‘EH desen edo?”“?‘l“ttfau fFﬂI@"BEdO\PGI S¥Rectoh due o ﬁBGYSQW&On Bt um
di aneter ofl03. bfeHabrible®, Operating tenperature was 65C, and the pH of the
brine was 9.5. 20 The effect of Ca renoval with Hg | oadi ng was i nvesti gated
in tw test runs: at a throughput of 2 1/h, i.e. 20 bed vol unmes per hour,
the Ca/ My | evelExammplé2pt bel ow the specified limt of 20 ppb over a

t hrough-fl ow volune of a total of 800 bed volunes. The ion exchanger was
then regenerated in accordance with the user instructions. In total, 15
exhaust i on and A bpisakamelgem eelidinine Ikavingan Hesanignt of fremyite 14 me/l and'a Ca

15  loading of 7 mg/l was passed through a Ca/Mg ion exchanger 3 of the TP 208 type
from Bayer AG at a brine throughput of 1 or 2 I/h. The bed volume was 100 em’ at a
column diameter of 3.1 cm. The operating temperature was 65°C, and the pH of the
brine was 9.5.

20 The effect of Ca removal with Hg loading was investigated in two test runs: at a
throughput of 2 V/h, i.e. 20 bed volumes per hour, the Ca/Mg level was kept below
the specified limit of 20 ppb over a through-flow volume of a total of 800 bed
volumes. The ion exchanger was then regenerated in accordance with the user
instructions. In total, 15 exhaustion and regeneration cycles were carred out. It was

25 found that it was possible to achieve 60% of the exhaustion capacity of from 7 to
9 g/l of Ca + Mg per litre of ion exchanger known from mercury-free operation in
stable long-term operation.

On halving of the brine throughput to 1 Vh, i.e. 10 bed volumes per hour, the full
30  exhaustion capacity of from 7 to 9 g/l of Ca + Mg per litre of ion exchanger was
achieved, so that the Ca/Mg limit was only exceeded after 1200 bed volumes of brine
through-flow and the ion exchanger had to be regenerated. This state was stable over

three further exhaunstion cycles with same ion exchanger filling.



25 found that it was possible to achieve 60% of the exhaustion capacil80GF 2003
from7 to 9 g/l of Ca + My per litre of ion exchanger known from
nmercury-free operation in stable long-termoperation. On halving of the
brine throughput to 1 1/h, i.e. 10 bed vol unes per hour, the full 30
exhaustion capacity of from7 to 9 g/l of.¢Ca + My per litre of ion

exchanger was achieved, so that the Ca/My limt was only exceeded after

1200 bed vol unes of brine through-flow and the ion exchanger had to be
regener at ed. THaténtXlaims Wwas st abl e over three further exhaustion cycles

wi th sane ion exchanger filling. 0 8 OCT 2003 9 Patent Clains 1. Process

for the electrolysis of sodiumchloride-containing brine with parallel

operation of dpal gdhroeksebirnthd ylscteolwis bEsdaliwn dhlveidbicanairhgebtinobwthipgralki t s 4
5 having an oxygen

I |.ec ] i_.n LFCuit,.
conprising the st eﬁ)g)&% §‘g§?ﬁ§' 2 tﬂé&%’ﬁsglge&@tsﬁ %%gg}%g'lﬁ?{ﬂeaeﬁescggl kkl%nr}ts 4
station 1 fo a prediapingaan axygend consumablie slestrodn with andonwzoms drine noialit, of

sul phate, cal ci um aad, FRegBesd ions 10 fromthe brine 9 in the
precipitation and fiﬁltper Etat#@rﬁ'& division of the brine into a main

stream 10 and a sub-stream 11, electrolysis of the main stream 10 of the

brine in an anal gafﬂ:&ii@%:bf Plebting URbih dsaltldisdhRiohlsea{oiENto Pbrdchifralibh BRd
sub-stream 11 by r al .of free chlorine i r} dechl ari nat,ion station 7,

v

precipitation of, itHepSPHPRG: d cogpse oz p ﬁﬁlpﬁﬁtﬁscqlﬂ“maﬁfﬂyﬂ?%‘c‘ﬁ‘&@ 1ons
preci pi t atlilon st at ifeom the taing,9 inftheagrpeipiaticat and fiieaeadbn df cal ci um and
magnesi umions fromthe brine 11 in the station 3, in particular an ion
exchanger, 20 subsequent electrolysis of the brine sub-stream 1l in a
menbr ane el ectr ol ysiigisiourﬁfttheﬂ,bmmmito a main stream 10 and a sub-stream 11, electrolysis

of the main stream 10 of the brine in an amalgam electrolysis unit 5,

15 pre-treatment of the brine sub-stream 11 by removal of free chlorine in a
dechlorination station 7, precipitation of, in particular, Al, Fe and Mg ions in
a hydroxide precipitation station 6, and, if appropriate, removal of calcium
and magnesium ions from the brine 11 in the station 3, in particular an ion
exchanger,

20
subsequent electrolysis of the brine sub-stream 11 in a membrane electrolysis
unit 4, and

combination of the anolyte streams from the membrane electrolysis unit 4 and
25 the amalgam electrolysis unit 5 to form a joint anolyte stream 14, where a

membrane electrolysis unit 4 having a mercury-resistant oxygen consumable
cathode is used.

2. Process according to Claim 1, characterized in that an oxygen consumable

30 electrode consisting at least of one electrically conductive metallic, lye-
resistant support, preferably a mesh, expanded metal or felt made from silver

wire or silver-plated nickel or Inconel wire, and a Teflon catalyst matrix

sintered or pressed with the support, electnically conductive matrix material,

preferably carbon black, and catalyst material, preferably catalytically active

35 silver particles or other mercury-compatible catalyst particles, is used.
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and 25 the amalgamelectrolysis unit 5 to forma joint anolyte stream 14,
where a nmenbrane electrolysis unit 4 having a nercury-resistant oxygen
consunmabl e cathode is used. 2. Process according to Claim1, characterized
in that an oxygen consumable 30 el ectrodegqconsisting at | east of one
electrically conductive netallic, |ye resistant support, preferably a nesh,
expanded nmetal or felt nade fromsilver wre or silver-plated nickel or

| nconel wire, and aPibeédsonccording yetClaimi rli ¥r 2sichkmacetdzal ipressid svntdnt tdfe
support, electrical tiv g terd r.ef erably . .carhon, bl ack,
and catal yst materi ‘Lél%{?l?ag?g er gb&'}?nﬁg{lgﬁ}@caﬁ ;ﬁ{‘%’c%‘?‘\‘/‘é“ 33@ ssely It?/egr lgpéﬂ’t'incl es
or ot her nercury- copgticulat by pracipitytenn with CaCPeBaGlsonBadD;, 0r By oo itegBn- 10

3. Process according to Claim1l or 2, characterized in that the content of
sul phate ions in the precipitation and filter station 2 is set to <5 g/l,
in particulardby pPesessacaeidig ipiang of4dams 1pled, zharacegerBin Hiat galcium an
nanofiltration. 5 4maFR&ffH SoRGOfMdad PR Hine Gl1ab Wcohtdn® of< 20 ppb in a
characterized in tthal.m u)g%land r%?ne%&m ons are renmoved fromth

brine | 1 to a cont HoTexshangsy 3; betore eregirplysts ff ths ARG geh-steeagif b the

el ectrol ysis of themembrmesildrtratysamitid]l in the nenbrane electrolysis unit
4. 10 5. Process according to Claim4, characterized in that the Ca/M ion

exchanger 3 is a nercury-resistant ion exchanger. 6. Process according to
one of O al%s b. t o Brocessaacsondeng tedclainn 41 ¢haractemeed bi thiat therCd/tgeios texelvamgdrd

fromthe amal gam el 864 § HeY§iry rddfitdn: RrddhdfgBlr ane 15 el ectrolysis unit 4

is fed back into the salt dissolution station 1. 7. Process according to
one of Claims | to 6, characterized in that the SiQ2 content of the brine

is held at < S6ppm pefcessLaddaedifg €8 lon@loy Tisims 1 to 5, characterized in that the joint
anolyte stream 14 from the amalgam electrolysis unit 5 and membrane

15 electrolysis unit 4 is fed back into the salt dissolution station 1.

7. Process according to one of Claims 1 to 6, characterized in that the SiO,

content of the brine is held at < 5 ppm before the electrolysis.





