-1- Method for inproving the performance of nickel electrodes Related
Applications 0001 This application clainms benefit to Gernan Patent
Application No. 10 2007 003 554.5, filed January 24, 2007 which is
incorporated by reference in its entirety for all useful purposes. 0002 1.
Field of the Invention 0003 The invention relates to a nethod for inproving
the performance of nickel electrodes in.alkali chloride electrolysis. 0004
2. Background of the Invention 0005 In s&d‘un1ch|oride el ectrol ysi s,
hydrogen is evolved froman alkaline solution. Conventionally, the cathodes
in the process are nade of iron copper steel or nickel. N ckel

el ectrodes cMethoddp i ; pee f kel elegtrades. 0006 As nenti oned

in Ofenl eguq&§§gJ1A Efl 5P F298 055 AI ni ckel el ectrodeé can be coated with
a netal from , espeC|aIIy the platinumnetals (inter alia Pt
Ru, Rn, Gs, It, 0601 Pd) T apphicatis dlgidisbesytiite @en@hn PReneAgplRation No. @ t h an
oxi de of such a netal or with m xtures thereof. After a calcination

process, the corr @996993 Agt-Aofbled Jamary 24,2002 whighds inerporated, By refergnessiant on

t he surface. 0007 Th d ced can be used, for exanple, in
sodi um chl ori de e éﬁlﬁﬁf(na Eg%?wﬂpggﬁhode for hydrogen devel opnent. Many
coating variants are knomn because the coating of netal oxides can be
nodified in ver di fferent ways so that different conpositions formon the
surface of the 0 Z:kelleﬁﬁﬁiﬁﬁé@lﬂmﬁm@mdlng to US-A-S 035 789, the cathode
used is, for

0003 The invention relates to a method for improving the performance of
nickel electrodes in alkali chloride electrolysis.

0004 2. Background of the Invention

0005 In sodium chloride electrolysis, hydrogen is evolved from an alkaline
solution. Conventionally, the cathodes in the process are made of iron,
copper, steel, or nickel. Nickel electrodes can be either solid nickel or nickel

plated.

0006 As mentioned in Offenlegungsschrift EP 298 055 Al, nickel
electrodes can be coated with a metal from sub-group VIII, especially the
platinum metals (inter alia Pt, Ru, Rh, Os, Ir, or Pd), of the periodic system
of the elements or with an oxide of such a metal or with mixtures thereof.
After a calcination process, the corresponding noble metal oxides are then

usually present on the surface.

0007 The electrode so produced can be used, for example, in sodium
chloride electrolysis as the cathode for hydrogen development. Many coating
variants are known, because the coating of metal oxides can be modified in
very different ways so that different compositions form on the surface of the
nickel electrode. According to US-A-5 035 789, the cathode used is, for

example, a ruthenium-oxide-based coating on nickel substrates.



exanpl e, a rutheni um oxi de-based coating on nickel substrates. -2- 0008 Once
in operation, the plating on the nickel electrode degrades and causes the
cell voltage to increase, making necessary to re-coat the electrode. This
is technically conplex, because the electrolysis nust be stopped and the

el ectrodes nust be renoved fromthe electrolytic cells. An object of the
invention is, therefore, to find a sinpler. nethod for increasing or
restoring performance. 0009 ELTECH has published and of fered a techni que
with which a voltage reduction of from200 to 300 nV as conpared with

untreat ed ni cke el ect rodes can be achieved. In th echni qu
nobl e- net al - conb%qgm ng 6’%I’thp(9f?“8fl’ &ﬁrﬂ% %FFt?o%‘Fff‘islcﬂiecérﬁ %Sgl@fl?st Yehts is

applied in situ. lcafscs dUENBIARCIAN:AOMakiiE Ehask b Kot tideibdipagat hode

side of the sodlun1 c or| ctro ysis In e solution is
to be added duri ngihmxseemnwaﬂyobmpm sehliseahdleliestralpsik mmrbet diepp:edlahdv}wl t age.

00010 According to,the teachi 0 t peci fi ati on, US- A- 4, 555 7,
i ron conpounds or SGCHEASS BRUSS E%aelfng% Frgma ée(it Yife® @é& &WPE’CFBOB%&H to
| over the cell volihaggofYy 'tH&eﬁﬁ’@"tHrﬂxﬁh#’img 1RG4 TS Méfe%sm%fb? r&sdk

publ i cation contra |cts t i's teaching, because, according to the

i nformation from peffB@kinceoat i ng the cat hodes vmth iron is said to interfere
with the electrolysis and to increase the cell voltage. 00011 According to
the further known O fenl egungsschrift EP 1 487 747 A, a 0.1 to 10 w.%

pl ati num cont ai pagg CO'E?PPE@H'h%s? Rfled ShOHrEdh té‘c'ﬁhﬁlhb JRtelRich %%M%es- The
solution of the platinumcontaining conpound is added to the water That
forns the catol yt eeddctiom & frotro 2001 fot 368 mV aheoagparedusith untreated nickel
electrodes can be achieved. In this technique, a noble-metal-containing
solution of unnamed composition and constituents is applied in situ, i.e.
during operation of the electrolysis, to the cathode side of the sodium
chloride electrolysis in membrane cells. The solution is to be added during

operation of the cell and is to lower the cell voltage.

00010 According to the teaching of patent specification US-A-4 555 317,
iron compounds or finely divided iron is added to the catolyte in order to
lower the cell voltage during sodium chloride electrolysis. The ELTECH
publication contradicts this teaching, however, because, according to the
information from ELTECH, coating the cathodes with iron is said to interfere

with the electrolysis and to increase the cell voltage.

00011 According to the further known Offenlegungsschrift EP 1 487 747
Al, a 0.1 to 10 wt.% platinum-containing compound is added to sodium
chloride electrolysis. The solution of the platinum-containing compound is
added to the water that forms the catolyte, from 0.1 to 2 litres of the aqueous
solution of the platinum-compound-containing solution being added per litre

of water.

00012 According to JP 1011988 A, the activity of a deactivated cathode

based on a Raney nickel structure with low hydrogen overvoltage is restored



solution of the platinum conpound-containing solution being added per litre
of water. 00012 According to JP 1011988 A, the activity of a deactivated
cathode based on a Raney nickel structure with | ow hydrogen overvoltage is
restored -3- by adding, into the catolyte, a soluble conmpound of a netal of
the platinum group to the sodi um hydroxi de sol ution during operation of the
sodium chloride electrolysis. For examlse, a sodiumchloride electrolytic
cell with 32 w.% sodi um hydroxi de solution, a salt concentration of 200
g/l of sodium chloride is operated at 90C and with a current density of

2.35 KA/ n2. The at hode i.s subjected to rrentl ess .nickelJlin or
2 et o he R iReTe st p 5Ol coratouBa e & A aL PP g L ¢

for exanple, was netgs &8l thd Rb@ubhBydBkiak YdofutRH alh}ﬁlogaﬁbérxﬁommﬁmediuﬁbi ch
resulted in a reduction in the ceYl vol tage by 10 . 00013 According to

US-A-4 105 516, nehhirideeiqsoulyss. kr axamatesa sodilimwitoriderededtrptitiogell vothet2v ol t age
e o oetrol et s S et Fobn b iRRnct St Ak A2 bR o il 9
105 516 in turn d i t.erg, . t Akt adgit i on of
an iron conpound gcgggiéileﬁ% pﬁrg{égaaﬁgogggﬁggmgféggﬁ%d@ﬁl&%ﬁgggs m%h'?g%tm

| aboratory cell. Thathodelis subfectd wnoueentlesnsickelling fofr Erepesintient and tthen um
nmetal, which is coat w th rutheni um ogi de and titani um oxi de. The cat hode

consists of iron imclieefr_elamsir%%fné < katy ddatinmy chlomte, fax sxamele, wanBigicrsde use
of cobalt solut!onn@iiné EABIyRCAMhE ARl cold}Buhd SphifRIARARG: in SRUGLRAGE tias

al ready been nade above t I sadvant ages Iron conpounds I n the
treat nent of coat edllvoltkgd byel @cmiodes.

00013 According to US-A-4 105 516, metal compounds which are to lower
the hydrogen overvoltage and accordingly reduce the cell voltage are added
to the catolyte during the electrolysis of alkali metal chlorides. The examples
given in US-A-4 105 516 in turn describe the metering and effects that arise
by addition of an iron compound added to the catolyte of a sodium chloride
diaphragm laboratory cell. The cell has an anode, consisting of expanded
titanium metal, which is coated with ruthenium oxide and titanium oxide.
The cathode consists of iron in the form of extended metal. The examples
show the use of cobalt solution or iron solution at the iron cathode.
Reference has already been made above to the disadvantages of iron

compounds in the treatment of coated nickel electrodes.

00014 According to the further known patent specification US-A-4 555 317,
it is known that sodium chloride electrolysis can be started with a nickel-
coated copper cathode. An initial metering under electrolysis conditions of
the cell was carried out with hexachloroplatinic acid in three steps. In the
first step, 2 mg of platinum were metered in per 102 cm?, i.e. 0.02 mg/em?,
in the second step about 0.03 mg/cm” and in the third step about 0.2 mg/cmz.
The cell voltage was lowered by a total of about 157 mV.



00014 According to the further known patent specification US-A-4 555 317,

it is known that sodiumchloride electrolysis can be started with a nickel -
coat ed copper cathode. An initial netering under electrolysis conditions of
the cell was carried out with hexachloroplatinic acid in three steps. In the
first step, 2 ng of platinumwere netered in per 102 cn2, i.e. 0.02 ng/cn?,
in the second step about 0.03 ng/cn? and, n the third step about 0.2 ng/cn?.
The cell voltage was |owered by a total of about 157 mV. -4- 00015 According
to US-A-4 160 704, netal ions having a | ow hydrogen overvol tage can be added
to catolytes of a nenbrane electroléﬁic cell for _ _sodjumchloride

el ectrolysis i "f@Hder tscenhing th&Schrhd@ 70thmetaders bavieardew Bydiegendur i ng
the electrolysis. oUQPSEIr{E%e' cdd'6e QB4 ﬁf(@z[f&kfés%fvfﬂleh?orﬁﬁeﬁlgggcﬁ&%éogéﬂ%?%o di um

pl ati num oxi de i n or O I nprove an rron or copper cat

chl ori de el ectr ol ysdiamashloridb ¢lgcttadydinin srdebioasvat the aadmde. Fhe additvon takest he
prior art. The process_ is carried out, as_follows: a sodium .

chl ori de- cont ai ni PEcEofiwingothe gleckplysis Howsnet dthe nentpesxampls gdveanisafisde,

and a sodi um hydr gﬁgﬁngn%‘?b}ﬁihﬂrﬂ Jx?defi?%(rjdeg ;ﬁgﬁ?fBO@Q?ifgﬁgﬂ%?PﬁQ%‘éﬁJ&- a

cat hode. The two c ers are separate I on- exc rane.
Joining nultiple anode and cat hode chanbers forns an el ectrol yser. The

product streanms_fraomthe anode chanber jnclude chlorine and a | ess
concentrat ed solfidif cthl‘H‘é-Cg@ﬁQSirgfﬁc @1Y§6|%P?T6‘H!g fm@epm@ag@pe SEOEEHIS r om

(he oo hoce charbSaphichER v icart ek UGy aRREE et
hydr oxi de sol uti orhlogideicontairing adlntcke i< feelntoean asoddegtmnibenhaving tanearode,r ent
density and the corly JSShidh hydrodiaS Woliion 9503 (62 Vathodd chomber having a< @ "
cathode. The two chambers are separated by an ion-exchange membrane.
Joining multiple anode and cathode chambers forms an electrolyser. The
product streams from the anode chamber include chlorine and a less
concentrated sodium-chloride-containing solution. The product stream from
the cathode chamber includes hydrogen, and a more highly concentrated
sodium hydroxide solution than was fed thereto. The volume flow of sodium
hydroxide solution fed to the cathode chamber is dependent on the current
density and the cell design. At a current density of, for example, 4 kA/m? and
with the cell design of UHDE, Version BM 3.0, the volume flow of lye to the
cathode chamber is, for example, between from 100 to 300 I/h, with a
concentration of the sodium hydroxide solution that comes off of from 30 to
33 wt.%. The geometrically projected cathode area is 2.71 m?, this
corresponds to the membrane area. The cathode is made of specially coated
extended nickel metal provided with a special coating (manufacturer e.g.

DENORA) in order to lower the hydrogen overvoltage.

00017 The cathode coatings in sodium chloride electrolysis conventionally
consist of platinum metals, platinum metal oxides or mixtures thereof, such
as, for example, a ruthenium/ruthenium oxide mixture. As is described in EP
129 374, the platinum metals that can be used include ruthenium, iridium,

platinum, palladium and rhodium. The cathode coating does not have long-



with the cell design of UHDE, Version BM 3.0, the volune flow of lye to the
cat hode chanber is, for exanple, between from 100 to 3001/ h, with a
concentration of the sodi um hydroxide solution that cones off of from30 to
33 wt.% The geonetrically projected cathode area is 2.71 n2, this
corresponds to the nenbrane area. The cathode is nade of specially coated
ext ended nickel netal provided with a spegcial coating (manufacturer e.g.
DENORA) in order to |ower the hydrogen overvoltage. 00017 The cat hode
coatings in sodiumchloride electrolysis conventionally consist of platinum

nmetal s, platinum netal jdes or .mxtures thereof, such. as, for .exanple, a
it heni und £ ut hent JETORAAG RyGFaIaaic: SnguCI Bt i vgicl isetrays pre
platinum netal s that &g BE WA nhehiptlsnd W wlewaroly@fssﬂld:tiﬂhg whigh | pwm

pal I adi um and rhodi um The cathode coating does not have long -5- term
stability, in partrecarbar prootssemdieor oampie, | Gns otqurwhiiccbrdaighy,t moirey girsleskoes

not occur or during inter tions in the elecgtrolysis, duri.ng whic ol e
reversal proc esses‘?%‘lﬂm%‘i QE‘&F‘%": OEA® & glﬂﬁ .CO%E’@O‘?Y{"F rfg? ﬁpempg tgpe ngz@e
pronounced damage QGedlyiet Likd\Ris€ ORiguliGe O Wdich PRs ORE&hinpe, tHoRE dff blike

el ectrolyser. Likew se,” inpurities which pass, for exanple, fromthe brine
into the |ye, suchn@stheflye, seglnapl for ckample] oos lonsanahbewmee deppoied enl then t he

cat hode or especi al on the active centres of the.pobl e-netal-containin
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production of chlorine, hydrogen and sodi um hydroxi de sol ution increases
and the econony ofthe lsell pobisgss sis¢ss withr thediesuli thadithe dner@p @o8sumption for Klasni se

possible for only })Ir(r)I&iJCYilc)rq K 'ch?clrﬁ{é? Hgfc?rotggn gr)l(ci‘| Isc?diﬁmdl?yﬁg)(elde solution increases

and the economy of the process is markedly impaired.

00018 It is likewise possible for only individual elements to exhibit damage
to the cathode coating, and it is not always economical to stop the entire
electrolyser therefor and remove the element with the damaged coating,

because this is associated with considerable production losses and costs.

00019 Methods for improving nickel electrodes for sodium chloride
electrolysis which are coated with elements of the platinum metals (sub-
group VIII of the periodic system), referred to hereinbelow as platinum
metals, their oxides or mixtures thereof, have not hitherto been directly

known from the prior art.

00020 SUMMARY OF THE INVENTION

00021 The object of the invention is, therefore, to develop a specific method
for improving nickel electrodes coated with platinum metals, platinum metal
oxides or mixtures thereof, for use as cathodes in the electrolysis of sodium
chloride, which process can be used while electrolysis operation continues
and avoids a prolonged interruption in electrode operation to restore cathode

activity.



to the cathode coating, and it is not always economcal to stop the entire
el ectrolyser therefor and renove the elenment with the danaged coati ng,
because this is associated with consi derabl e production | osses and costs.
00019 Methods for inproving nickel electrodes for sodiumchloride

el ectrolysis which are coated with elenents of the platinumnetals (sub-
group VIl of the periodic system, referred to hereinbelow as platinum
netals, their oxides or m xtures thereof, have not hitherto been directly
known fromthe prior art. 00020 SUMVARY OF THE | NVENTI ON 00021 The object of
the invention is, therefore, to develop a specific nmethod for inproving

ni ckel electrodes coated with platinumnetals, platinumnmetal oxides or

m xtures thereofpoohor Ysg lﬁ§ebn%h hedgs w Ia Iﬁaﬁo@k&qy PoMRE $heOberRRARMY of

chl oride, which process can be used while electrolysis Operation continues
and avoi ds a prol angebelectredes uhati ave used mlea:temdﬂma)mwnmhinrtde dlettobytie
cathode activity. -6- 00022.The invention relates to a nethod for inproving
the performance oPTORESAMRIISIE r odes that are used in a membrane sodi um

chloride electrolytic (praesshsGONRE-SIMe of ﬁ)calP-EGlBBFe';iMuﬁni/\ﬁﬂ&Eorﬁ0| ubl e or
al kal i -sol ubl e platlnun1solut|on conprising: (1) a solvent and (ii) a

sol ubl e pl ati num compuosingd: and 00023 (b) adding the solution to the
catolyte. (i) a solvent and
(ii) a soluble platinum compound
and

00023 (b) adding the solution to the catolyte.

00024 The invention provides a method for improving the performance of
nickel electrodes having a coating based on platinum metals, platinum metal
oxides or mixtures of platinum metals and platinum metal oxides, for sodium
chloride electrolysis according to the membrane process, characterised in
that, in the electrolysis of sodium chloride, a water-soluble or alkali-soluble
platinum compound, in particular hexachloroplatinic acid or especially
preferably an alkali platinate, particularly preferably sodium
hexachloroplatinate (Na;PtClg) and/or sodium hexahydroxyplatinate

(Na;Pt(OH)g), is added to the catolyte.

00025 For purposes of the specification, the term “Group VIII metals”
includes all metals listed in sub-Group VIII of the Periodic Table, their metal

oxides, and any mixtures of the metals and metal oxides.

00026 The term “nickel cathode” includes electrodes used as cathodes that
are solid nickel or nickel plated, regardless of any additional metal coatings

on the electrode.

00027 The term “platinum solution” includes an alkali or water based

solution containing at least platinum and the solvent.



00024 The invention provides a nethod for inproving the performance of

ni ckel el ectrodes having a coating based on platinumnetals, platinum netal
oxi des or m xtures of platinumnetals and pl ati num netal oxides, for sodium
chloride electrolysis according to the nmenbrane process, characterised in
that, in the electrolysis of sodiumchloride, a water-soluble or

al kali -soluble plati numconmpound, in pagticular hexachloroplatinic acid or
especially preferably an al kali platlnate particularly preferably sodi um
hexachl or opl ati nate (Na2Pt C16) and/ or sodlunlhexahydroxyplatlnate

Na2 Pt 6 ded _t I f th
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sub-Goup VIII of the Periodi c Table, their netal oxides, and any m xtures
of the netals and netal oxides. 00026 The term "nickel cathode" i ncl udes
el ect rodes usedd29cat Hlmdésnteﬂmd it iarpessihzib irdparticklet either ti mkiet inpthasediym

regardl ess of any. additio net.al tin on the el ectrode. 7 The
Lerm *plati num soPERCHIPORAIARAS. R GRabT %r cguicur iGia Ot Jp AR

contai ning at |ea%&luabﬁtdrﬂﬂérh&%hfok*@plaﬁhéfQBH is m%ter@@@%&t@ﬁm thElatdiRER PTION
OF THE I NVENTI ON 00029 In this method it is possible in particular either to

meter in the sodi impartiewlacthespdipmahydnatide salutidne afreactivn theartakigg elages withl ut i on
or in alkaline hexach] oroplatinic acid is netered directly

into the catolyte%“HVﬁ%bgppﬁéﬁpgp N8%di um hydr oxi de sol ution, a reaction

then taking place with the Iye to formthe chloroplatinate. 00030 The

addition of the platinumconpound is effected in particular while
00030 The addition of the platinum compound is effected in particular while

the electrolysis is taking place, under normal electrolysis conditions, at a
current density of from 0.1 to10 kA/m?, particularly preferably at a current
density of from 0.5 to 8 kA/m®.

00031 In a further preferred form of the platinum addition, the electrolytic
voltage is varied, after the addition of the platinum compound, in particular
in a pulsed manner, in the range from 0 to 5 V in order to deposit platinum in
a more finely divided form on the cathode. The voltage here describes the

voltage between the anode and the cathode.

00032 To that end it can be sufficient, depending on the rectifier used to
produce the electrolytic direct voltage, to lower the cell voltage in order to
use the residual ripple of the rectifier therefor. In an alternating voltage in the
mentioned voltage range, the residual ripple of the rectifier can result with an
amplitude of from 0.5 to 500 mV. Modern rectifiers scarcely possess any
residual ripple, but it is possible to produce a residual ripple artificially. The

residual ripple is between 20 and 100 Hz, for example.

00033 If the amplitude is likewise regulated, it can be +100 or —100 mV
around the resting potential for the time of the noble metal metering. The
resting potential is the voltage at which no further current flows. That

potential is normally about 2.1 to 2.3 V, depending on the cell technology



the electrolysis is taking place, under normal electrolysis conditions, at a
current density of fromO.1 tol O kA/nR2, particularly preferably at a current
density of from0.5 to 8 kA/n2. 00031 In a further preferred formof the

pl ati num addition, the electrolytic voltage is varied, after the addition
of the platinumconpound, in particular in a pulsed nanner, in the range
fromO to 5 Vin order to deposit platingmin a nore finely divided formon
t he cathode. The voltage here describes the voltage between the anode and

t he cat hode. 00032 To that end it can be sufficient, depending on the
rectifier used to roduce the el ectrol f di rect volta e, to lower the
cell voltage in oRBgmembrangysed. ﬁéo‘f"@@ﬁd léla sPipgptibledn P?Iﬁ‘éu}@é&qaﬁ%}“t thser ef or .
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ripple of the rectifrer can FesUT t Wit ude of o 500 nWw.
Modem rectifiers ampha&lleynmbse]saseﬁgseatelrdmndhmfesﬁmg)pcbtentldb.ut it is possible
to produce a residual ripple artificially. The residual ripple is between
20 and 100 Hz, for exanple. 00033 If the anplitude is |ikew se regulated, it

can be +100 or gghR9 mv igﬁé}‘fﬂ&’dlﬁaﬁé‘d arft ﬁth@&aﬂw é\hh@koxfc@fvaﬁée time of the

nobl e metal netering. resting po t e voltage at which no
further current flows That potential is normally about 2.1 to 2.3V,

dependi ng on t chnolog nenbrane us ver, is also
possible in parQQO(év& ar E*Hmé‘é’r %/a(l)%&xag s et ﬁ%%teir%t“é‘itwf@“%@ﬁmt%e cel |
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00036 In a further preferred form of the novel method, in addition to the

platinum compound, at least one other further soluble compounds of sub-
group 8 of the periodic system of the elements, in particular compounds of
palladium, iridium, rhodium, osmium or ruthenium, can additionally be
added. Such compounds are used in particular in the form of water-soluble

salts or complex acids.

00037 After deactivation has been detected, the addition in the case of first-
time metering is preferably carried out as follows: a platinum compound is
added to the catolyte, in the feed to the cathode chamber, at a cathode area of
2.71 m® from 0.02 to 11 g Pt per cathode element, corresponding to from
0.007 g/m’ to 4 g/m?, at a current density of from 1 to 8 kA/m®. The area
used as the basis is the geometrically projected cathode area, which also
corresponds to the membrane area. The rate of metering can be such that the
platinum-containing solution, based on the platinum content per m’ of

cathode area, is metered at a rate of from 0.001 g Pt/(hm?) to 1 g Pt/(hm?).

00038 The addition can take place at a current density preferably under
normal operating conditions, or alternatively at a higher or lower current
density. For example, the addition can take place at a current density of in

particular from 0.1 to 10 kA/m?.



the el ectrode coating on the nickel within the scope of the invention are in
particular ruthenium iridium palladium platinum rhodiumand osm um
00036 In a further preferred formof the novel nethod, in addition to the

pl ati num conpound, at |east one other further sol uble conmpounds of sub-
group 8 of the periodic systemof the elenents, in particular conpounds of
pal 'adium iridium rhodium osm umor rufhenium can additionally be

added. Such conpounds are used in particular in the formof water-soluble
salts or conplex acids. 00037 After deactivation has been detected, the
addition in the case of first- time netering is preferably carried out as
follows: a platinumconpound is added to the catolyte, in the feed to the

cat hode chanbergo@y a Clé}feh% PR #fwhiéh e FRteringOsP t‘ﬁe%ﬁaﬁﬁm?—%oﬁip&mper
ndi g/ nk, at

cat hode el enent, correspo gtofrom 0.007 g/m2to , a current
density of from 1 prefefibk/Makes plateisdt@na 70us O0°@sThdmetetiag an alsbhtake place
geonetrically projected cathode area, which also corresponds to the

menbr ane area. ThdtpiQEerdempgraire KW be such that the

pl ati num cont ai ni ng sol uti on, based on the platinumcontent per nR of
cathode area, is netered at a rate of from0.00 1 g Pt/(hnR) to 1 g

Pt/ (hn2). 0003800040 addf aifonharavvlthgk ncpdase & ciserved wheanhetddng ist gonpleker abl y
under normal operating .conditions, qQr alternatively at a higher ar |ower
current density. ! rcaex@mdea,tely%@ offrat By gpetering set ThisBwteamereauirosant

density of in pa&ﬁa’{rgéqlg;sngllgmaﬁmkn{ 8f %le'éﬁmﬁl if, ?)g%%%?’l%sfg?@ e BRERA! Ur e al

whi ch the netering o ati num conpound pre y takes place is from
70 to 90C. The netveitagy Darending nt thk qqupligycef thatbrmel dwelye teenpestappages, a
however . further, but smaller addition of platinum may be necessary within a period of
from 1 to 3 weeks. The addition of the platinum compound to the catolyte
can likewise take place in the feed to the cathodes. The required amounts of
platinum are to be calculated according to the scale of the damage. In the
case of relatively considerable damage, corresponding to a high voltage
increase, more platinum must be metered in, while correspondingly less
platinum must be metered in in the case of slight damage, corresponding to a
slight voltage increase. Overdosing with platinum does not result in any

further improvement or lowering of the cell voltage, however.

00041 The amount, based on the platinum, of the further soluble compounds
from sub-group 8 in the solution to be added is particularly preferably from 1
to 50 wt.%.

00042 In a preferred embodiment, the variation in the electrolytic voltage
can be effected by superimposing an alternating voltage on the electrolytic
voltage. The frequency of the superimposed alternating voltage is in

particular from 10 to 100 Hz. The amplitude can then be from 10 to 200 mV.

00043 By means of the method according to the invention it is possible for

the first time to effect a voltage reduction by up to 200 mV in the case of



00040 If a further voltage increase is observed when netering is conplete,
this can imedi ately be offset by nmetering again. This nmetering requires a
mar kedly smal | er anount of noble netal in order to restore the original

vol tage. Depending on the quality of the brine, the Iye or on stoppages, a
further, but smaller addition of platinumnmy be necessary within a period
of froml to 3 weeks. The addition of the. plati numconpound to the catolyte
can |likew se take place in the feed to the cathodes. The required anounts of
pl ati numare to be calculated according to the scale of the damage. In the
case of relatively consj der mage, corr pondi ng, to hj gh v, Itage

i ncrease, nore pl 4804 étr &paigd path mﬁaepwnw}q/@srﬁ@wmmgw $5h s

pl ati num nust be ﬁﬁh%k%Qhé@ofn the case of slight danage, corresponding to a
slight voltage increase. dﬂerd03|ng wi th platinumdoes not result in any
further inprovenent or Iomerlng of the cell voltage, however. 00041 The

anount, based on the plati num of t r. sol ubl.e conpo s from
sub-group 8 in ‘ﬂ)r%gsol (ﬂ‘ieRaBa W Oégg"eaff‘? &&‘l“?‘ecﬁfpaﬁl ﬁ’e?l& b‘le§Ft‘I°Pom 1
to 50 wt.% 00042 'Eei‘aom(ﬁ%ﬁﬁﬁlﬁi?ect eg@[gni?gt This@n i taik® '?)u Qe eﬁa@ﬁel

el ectrolytic voltage can y superi nposi ng an a rnat
vol tage on the el dotetbi 3’:{ szw ify ddrt @genplé] meﬁcrlfhmuplatlmcodmd Imemstm&f dmnblsed

| t ti | t iS i t f 0 to 100 Hz. T lituyd
Then bo f1om 10 ¢ dache sauBQoMiNsy SwoRhSodRe thBeABsA8 DRHEHAIRGH et no
invention it is pgg cﬁio?oﬁth'im]g a'ERi fs! ﬁa?%w&l&r'gseﬁ il%f)lfyeﬁEte?edVH’llréc@lS}emfoe%Ct' on

by up to 200 nV in the case o - damage el ectrodes Coated with
r ut heni um and/ or tfwdhelﬂnan’mmmtsles or mxtures thereof.



00044 The preparation of the alkali platinate can be carried out by reaction
of hexachloroplatinic acid with lye. This can be carried out separately or
directly in situ if, for exanple, hexachloroplatinic acid is netered
directly into the sodium hydroxide supply to the elenents or to the

el ectrol yser. The hexachloroplatinic acid is particularly preferably
nmetered directly into the feed to the e{gments. -11- 00045 Exanpl es 00046
Exanpl e 1 00047 A conmmercial el ectrolyser having 144 el enments whose ni ckel
cat hodes were provided with a coating based on rutheni un rut heni um oxi de
from Denora maswmferated at a nean voltage of 3.12 V. O these 144

el enments, one 8i t edixamples age increased by nore than 100 nV as conpared
with the nean value. The follow ng treatnment cycle was begun: 65.88 litres
of a hexachl oroplatinate solution (1.19 g Pt/1) was netered at a rate of

10. 98 1/ h, durionpd4éper Exampleiint o t he sodi um hydr oxi de sol ution (cone

31.5% of a nenbrane electrolyser at a current density of 4.18 kA/n2 over a
period of 6 hours. 78.25 g of platinun1thus reached the surface of 144

cat hodes (surf aggarea of cﬁmﬁ NPdEectiol 451 G ESPANARet RicRE anount
of platinumof 0.21 g Pt/%Q e cee? %%tagelng on aver age tg 3w08 V, the

current consunpti eathodesewtre pttoﬁaed( Withia, co@tmg/ baSedcbnt withenkuiv/n@hertiton oxide

corresponds to a reduction in the volta from 3. 09 to
3.01. Elenents ha%y DENRER M| Qperterhét l%er@? Pig)n P thyse skt .

the follow ng day ,ele?né(n%r LRRT exdifibité b '{rélﬁage OifnCIteQ&dsﬁﬁEm&‘%l H{ahof‘OO mV _as

corresponding to O. Pt/ n2, were net he cell voltage did not
i nprove further sompared w1th the mean value. The followmg treatment cycle was begun:

65.88 litres of a hexachloroplatinate solution (1.19 g Pt/l) was metered at a
rate of 10.98 I/h, during operation, into the sodium hydroxide solution (conc.
31.5%) of a membrane electrolyser at a current density of 4.18 kA/m? over a
period of 6 hours. 78.25 g of platinum thus reached the surface of 144
cathodes (surface area of a cathode: 2.71 m?). This corresponds to an amount
of platinum of 0.21 g Pt/m”. The cell voltage fell on average to 3.08 V, the
current consumption rose to 4.57 kA/m®. Converted to 4 kA/m? this
corresponds to a reduction in the voltage by 80 mV, accordingly from 3.09 to
3.01. Elements having a markedly higher voltage were no longer present. On
the following day, a further 16.44 litres of the same solution, corresponding
to 0.05 g Pt/m?, were metered in. The cell voltage did not improve further as

a result.

00048 After 9 days, the mean voltage rose to 3.02 V (based on 4 kA/m?), so
that further metering of platinum in the form of hexachloroplatinic acid was
carried out. 4.12 litres of the hexachloroplatinate solution (1.19 g Pt/l) were
thereby metered in uniformly in the course of 2 hours, so that 4.9 g of
platinum reached the surface of 144 cathodes (0.012 g Pt/m®). The
electrolysis was continued during the metering, the mean voltage thereafter

was 3.01 V.



a result. 00048 After 9 days, the nean voltage rose to 3.02 V (based on 4
KA/ n2), so that further netering of platinumin the form of

hexachl oroplatinic acid was carried out. 4.12 litres of the
hexachl oropl atinate solution (1.19 g Pt/1) were thereby netered in
uniformy in the course of 2 hours, so that 4.9 g of platinumreached the
surface of 144 cathodes (0.012 g Pt/ nR). o,fhe electrolysis was continued
during the nmetering, the nean voltage thereafter was 3.01 V. -12- 00049 The
cell voltage at a current density of 4 KA/n2 was on average 3.09 V before

the netering an 01 after the netering, whic arresponds to a_ voltage
reduction of 80U’ oogf@e cel] nlipe & apisat %m%sgé&w Seaonsrpes 3081 | vas
operated as descr ogdolethEXAMRGE ahd P81 & HeF %et@ﬁﬂ?,:qvglﬁ?lﬁ)toﬁegggﬂd@to gt a

cell voltage of 3.05 V wth a standard cathode coat rom Denora on the
ni ckel cat hode. Avbkageshdudtiongpf86wiVthe cell w thout applying a protective
potential, danage to the cathode coating occurred. A protective potenti al
is conventionally applied during a shut- down in order to protect the
coating of the ggspode gyanipidamage. After re- starting, the cell voltage was
3.17 V. 00052 A solution of hexachl oropl ati nate having a plati num content of
1250 ng/l Pt was netered into the catolyte while the cell was operating.

A LEr oTeLEr NGRSO uLLON o2, AU S LD 2 Meber o oyt ol 51 D
cn2) was added. gt a current density of 4 kA/m? at a cell voltage of 3.05 V with a standard
cathode coating from Denora on the nickel cathode. After shutting down the
cell without applying a protective potential, damage to the cathode coating
occurred. A protective potential is conventionally applied during a shut-
down in order to protect the coating of the cathode from damage. After re-

starting, the cell voltage was 3.17 V.

00052 A solution of hexachloroplatinate having a platinum content of 1250
mg/l Pt was metered into the catolyte while the cell was operating. After
metering the solution for 2 hours with a metered amount of 5 ml/h, the
voltage fell to 3.04 V. A total of 12.5 mg of platinum (12.5 mg/100 cm?) was
added.

00053 Example 3

00054 The test of Example 2 was repeated, but a solution having a platinum
concentration of 250 mg/l was metered in (same metering time and same
feed capacity). Addition here 2.5 mg Pt/100 cm?. The voltage fell from 3.16
Vt03.07 V,ie. by 90 mV.

00055 Further additional metering did not bring about any further voltage

reduction.

00056 Example 4 (comparison)



00053 Exanpl e 3 00054 The test of Exanple 2 was repeated, but a solution
havi ng a platinum concentration of 250 ng/l was netered in (sane netering
time and same feed capacity). Addition here 2.5 ng Pt/100 cnR2. The vol tage
fell from3.16 Vto 3.07V, i.e. by 90 nV. 00055 Further additional
netering did not bring about any further voltage reduction. 00056 Exanple 4
(comparison) - 13 00057 A | aboratory eng#golytic cell was operated as
described in Exanple 1 at a current density of 4 KA/n2 at a cell voltage of
3.08 Vwith a standard cathode coating from Denora on ni ckel el ectrodes.
After shutting down the cell w thout applying a protective potential,
damage to the cathode coating occurred. A protective potential is

to the cathode coati d. A} | |
of the. cal hods (et aariizorilef sfiablycf Mt laf cBE %G o Qef BT ALERRERS 519,

00058 A sol ution af archaehntuddnsity of atikAmi’de ahadi ndtage OAGHW wolharindaid 125
ng/ 1 was netered in over a period of 4 hours at 5 m/h. Meterin was t hen
continued for a fGRHAs coatipg frem Pengraon plokel elactrpdes ndfiter shughingedawmtheon of

reduct i on was achieh e ropf SRy rER ROl EBbER T, BbCHo B8 oG ERARP, 1

ref erences descri becureddove protectivec potpatiadtie cohyentohellenpplidéd dusing aeghutr et y
for all useful purposes. Q0060 While there is _shown and described certain
speci fic structur 88WNdRBERTi tAPretket theweaingsef the cathods fiom Aamngee Ater gt hose

skilled in the ar tstahﬂ?gt, the cell voltage was 3.21 V.

00058 A solution of rhodium(lll) chloride having a rhodium content of
125 mg/l was metered in over a period of 4 hours at 5 mi/h. Metering
was then continued for a further 2 hours with a solution having a
concentration of 1250 mg/l and at 5 ml/h, as a result of which a further 50

mV voltage reduction was achieved. The voltage reduction was only 60 mV.

00059 All the references described above are incorporated by reference in

its entirety for all useful purposes.

00060 While there is shown and described certain specific structures
embodying the invention, it will be manifest to those skilled in the art that
various modifications and rearrangements of the parts may be made without
departing from the spirit and scope of the underlying inventive concept and
that the same is not limited to the particular forms herein shown and

described.



various nodifications and rearrangenents of the parts may be nade w thout
departing fromthe spirit and scope of the underlying inventive concept and
that the same is not limted to the particular forns herein shown and
described. -14- W claim 1. A nethod for inproving the perfornmance of

ni ckel el ectrodes that are used in a nenbrane sodium chloride electrolytic
process conprising: (a) preparing a watejssoluble or alkali-soluble platinum
solution conprising: (i) a solvent and Eli) a sol ubl e platinum conpound

and (b) adding the solution to the catolyte and thereby form ng a coating on
the nickel electrode. 2. The nethod according to Claim1l, wherein the
platinunlconﬁiﬁﬁbﬂﬂé a water-soluble salt or a conplex acid. 3. The nethod

according to 10 ai 1R thothebenibrbiife MeAidRMMARII QR decudxaahabasal @l ni c

acid, or an alkali platinate, or mxture thereo The net accordi ng
to Cdaimi1, whereiamd¢rhbrasobadite chlosikle eleatrolytip provessi compzitigt C16, or

Na2Pt (OH) 6, or a m xture thereof. 5. The et .according to aim1l,

wherein, after the addi(i%l Hﬁp%i‘ngtah‘@atﬁli'%f{f‘i?mﬁﬂ{Qgglll'a?liug ,plqtﬂglnb§0$gq%| ytic

voltage is variedcbﬂ?Hgggrange fromOV to 5V. 6. The nmethod according to
fte

Claim4, wherein, a r The addition of the platinum solution, the
el ectrolytic voltage is vari(Ba sotventandr ange from OV to 5V.

(ii) a soluble platinum compound
and
(b) adding the solution to the catolyte

and thereby forming a coating on the nickel electrode.

2. The method according to Claim 1, wherein the platinum compound is a

water-soluble salt or a complex acid.

3. The method according to Claim 1, wherein the platinum solution is

hexacholorplatinic acid, or an alkali platinate, or a mixture thereof.

4. The method according to Claim 1, wherein the soluble platinum compound is

Na,PtClg, or Na,Pt(OH)s, or a mixture thereof.

5. The method according to Claim 1, wherein, after the addition of the platinum

solution, the electrolytic voltage is varied in the range from 0V to 5V.

6. The method according to Claim 4, wherein, after the addition of the platinum

solution, the electrolytic voltage is varied in the range from 0V to 5V.

7. The method according to Claim 5, wherein, after the addition of the platinum

solution, the difference in the electrolytic voltage is from 0.5 to 500 mV.

8. The method according to Claim 6, wherein, after the addition of the platinum

solution, the difference in the electrolytic voltage is from 0.5 to 500 mV.



7. The method according to Claim5, wherein, after the addition of the

pl ati num solution, the difference in the electrolytic voltage is fromO0.5
to 500 nV. 8. The method according to Claim6, wherein, after the addition
of the platinum solution, the difference in the electrolytic voltage is
fromO0.5 to 500 nmV. -15- 9. The nethod according to Claimb5, wherein the

vol tage is varied by pulsing the voltage ? by superinposing an alternating
voltage on the electrolytic voltage, he range fromO to 5 V, and by a
difference of from0.5 to 500 n¥V. 10. The met hod according to C aimS8§,
wherein the voltage is varied by pulsing the voltage or by superinposing an
alternating voltage on the electrolytic voltage, in the range fromO to 5

V. and by a & fengpchanbd ddcBrifl B ¢Rjndd0whéln thd volTie iEThAbyARAGASI N9 to

Cl ai m 10, which further conpris east one |t|ona sol ubl e
conpound from G ouhe ¥ltage of by epeFierposntigan hitkxinetingiveltagd dadhd eedtiodytpd at i num

solution. 12. The t hod CCOI’dI fur ses at
| east one additi JRdfeSHt BF ITEHC Hl%é%é?)gp\?&ﬁﬁ%f’tamf?@@c?égo@ Pérff’ngﬂ@ gr oup

consisting of pal}@dium iridium rhodium osmumand ruthenium 13. The
met hod according to Caim 11, wherein, the additional water-soluble
conpound, based on the am)unt of platinumin the platinum conpound, are
present in a, onc trat % t

50 wt., % 14. t hod .accordin
o daim iz otheT s ardind o IA B PEerbi IBF LTk, 8 BaTied DYJRLEEE o e’

gf‘ IDl:fant of O/D![ gt 'SSU%é %1&'@@ oP bRk R foRHB AH Aftern@fify vAltaEE 8Rlthd fle@rdpRcent rati on
0
Voltage, in the range from 0 to 5 V, and by a difference of from 0.5 to 500

mV.

11.  The method according to Claim 10, which further comprises at least one
additional water-soluble compound from Group VIII of the Periodic Table

are added to the platinum solution.

12. The method according to Claim 1, which further comprises at least one
additional water-soluble compound from selected from the group consisting

of palladium, iridium, rhodium, osmium and ruthenium.

13. The method according to Claim 11, wherein, the additional water-soluble
compound, based on the amount of platinum in the platinum compound, are

present in a concentration of 1 wt. % to 50 wt. %.

14. The method according to Claim 12, wherein, the additional water-soluble
compound, based on the amount of platinum in the platinum compound, are

present in a concentration of 1 wt. % to 50 wt. %.

15.  The method according to Claim 1, wherein the water soluble or alkali soluble
platinum compound solution is metered at a rate of 0.001 g Pt/(h*m?) to g
Pt/(h*m?).



15. The method according to Claim1, wherein the water sol uble or alkali

sol ubl e platinum conpound solution is netered at a rate of 0.001 g
Pt/(h*nm2) to g Pt/(h*nR). -16- 16. The nethod according to C aim 14,
wherein the water soluble or alkali soluble platinumconpound solution is
netered at a rate of 0.001 g Pt/ (h*n2) to g Pt/(h*nR). 17. The nethod
according to daim15 wherein the tenpejature at which the netering of the
pl ati numsolution is from70 Cto 90 C. 18. The nmethod according to Caim
16, wherein the tenperature at which the netering of the platinum solution
is from70 Cto 90 C. 19. The nethod according to C aim 15, wherein the
nmetering of the platinum solution occurs during electrolysis and under a

current densijy bethagganéy éccBRimglf% CIATRY, Wibreif e Welch@uRie ephltaRg to O aim
18, wherein the netering of the platinum solution occurs during

el ectrolysis and wsnlible platinum eornpeiedssotugiohds meteredt 2 rate of 090k AyRtfth*m?)
to g Pt/(h*m?).

17.  The method according to Claim 15, wherein the temperature at which the

metering of the platinum solution is from 70 °C to 90 °C.

18.  The method according to Claim 16, wherein the temperature at which the

metering of the platinum solution is from 70 °C to 90 °C.

19.  The method according to Claim 15, wherein the metering of the platinum
solution occurs during electrolysis and under a current density between 0.1 to

10 kA/m>.

20.  The method according to Claim 18, wherein the metering of the platinum
solution occurs during electrolysis and under a current density between 0.1 to

10 kA/m>.



