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SPECI'FI C CATHODE E USED FOR THE PREPARATI ON OF AN ALKA%% METAL
CHLORATE, AND |Tﬂ|||mmmwm PROCESS 5 The present invertd 9Y2804tes to
a cathode, which can,be sed for the preparation of an alkali netal
chlorate by electrolysis of the corresponding chloride, and its

manuf acturing _pr . Although the activation of ca for e 10
electrolytwe 8@6?%3355 of sodium chl orate has forned%?ﬁ2%§ﬁgfggb%§f many
papers, there have, however, been very, few studies devoted to the formation
of specific cathodes. It is known that, in the electrolytic 15 preparation

of sodi um Gl ai® dANRIGHES Sinidh R Bel usk b hrdReriigaskk PRRAY €A1 NG O

the final product, nany secondary reactions. Thus, at the cathode, apart

fromthe redugti g At.kWaTeMErALhYHLOGANE, 2 ARYPAC MaNUEACTURTICE i on
reaction occurs. 20 Sodiumchlorate is nmanufactured on an i ndustrial scale

in electrolytic cells, each of thenprmmsssing several m | d-steel cathodes
and several titanium anodes coated wi th ruthenium oxide. They are generally
supplied with an electrolytic solution 25 consisting of approximtely 100
g/ 1 of sodiumchloride, of approximately 600 g/1 of sodiumchlorate and of
sodi um 8i chromat e i nThe ampesent yiingebétinsent ol afris REPLACENENNOoGEEET ( RULE
26) 30 July 2002 - 2 5 g/1. The latter is used to reduce or even

el i m nate FR&éSRypeRhl &9 t 85Fen FeBudth®nPreRerPsACNDeSpi ta t R Kdditor rol e

pl ayed by the dichyromate in the reductjon, of hypochlorite ions gnd 5 its
ease of us@?téﬁroﬁﬁgﬁF€9F) ¥ dﬁ{??ﬁf Eieht Q€GﬁgﬁﬁndSPrfﬁFBQPdﬂéﬁbuse t he
al kal i netaL cQLgrate thg% pr epar d %eq%ﬁresa% égification step, but above
all becausS' PSP ufBS (& BRSNS XSEST&t Iy, it is obviously

| mportant, froman eqql i A SAANIRYiYarilY 19 FLAdnBdEP AGE MR

sol uti on.
10 electrolytic synthesis of sodium chlorate has formed

the subject of many papers, there have, however, been
very few studies devoted to the formation of specific
cathodes.

It 1is known that, in the electrolytic

15 preparation of sodium chlorate, there are, in parallel
with the reactions leading to the final product, many
secondary reactions. Thus, at the cathode, apart from
the reduction of water to hydrogen, a hypochlorite ion
reduction reaction occurs.

20 Sodium chlorate is manufactured on an
industrial scale in electrolytic cells, each of them
comprising several mild-steel cathodes and several
titanium anodes coated with ruthenium oxide. They are
generally supplied with an electrolytic solution

25 consisting of approximately 100 g/l of sodium chloride,
of approximately 600 g/l of sodium chlorate and of

sodium dichromate in an amount 1lying between 2 and
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Thus, docunent US 4, 295,951 proposes the use of a cathode whose substrate,
made ‘of titanium iron or a titaniumalloy, is coated with non- conducti ng
protective | ayer consisting of a film of hal opolyners, 15 SSQH“%Yszopgf | on.
Mor eover, French Patent FR 2,311, 108 has di scl osed a cathode in which the
Substrate is a plate made of titanium zirconium niobiumor an alloy
essentially consisting of a conbination of these netals 20 and applied to
this substrate is a layer of a nmetal oxide, essentially consisting of an
oxi de of one or nore netals chosen fro# ruthenium rhodium palladium
osmum iridiu anﬁﬁlglniti num gnd optionally an oxide of one or nore netals
chosen from ci u ghESTUh®S 25°ed r bRt it®HUSareTine venne L istimatiaim

nmol ybdenum, ,tu te sel.eni.um and, tellurium However, according to

LI NDBERGH and &%ﬁﬁ@dﬁrlﬁﬁpﬂﬁ&ﬁﬁﬁlﬁ%@ TREEYE) 30 July 2002 - 3
Journal of [lacuna] t.rachepjcal Society, 1990, Vol. 137, No. 10, p.
3094- 3099, these cat h%(ge slt%nl yggtgl ovfl‘%#égki F&ti%cs BFAYRE hypbchitd& te ion
reducti on deadlidomiat0 bg Hpwe : hut I .the 5 reaction to be
elim nated. The Applicant i ﬁ%gveg?éggve%dHgbggk‘%ggétt\%milc‘ﬁ“%| PR t he
hypochl 6ri tiesi amdeduet LeB, I eaGidnamnt O(RE) | Ak kit %é/mgksséhi;' . ;retai ning
good properties with respect to the water reduction reaction. fdmfhis
speci fi c cankede thnpatsedsedawdsithat ealRdeiofmera el &BYr H0SeRfr om t he
group formed by titanium nickel, tantalum zirconium niobium ang al | oys
t hereof , tR&Eepairé¢dsubsyuites bei ngucbhteat ivhh sarepg,nt Bakayasowd a1 xed

oxi de based on titaniumand on 15 rutheniumand with an external |ayer of
netal oxi dB§C@BESr ikt ngolluaaburihe i eovhranmant . r Wdressquen Adyantageousl y,
the interlayer caontains a m xed oxide of titaniumand ruthenium

Pref er abl y15t K& VAU dal 1MRGRrant . nEfam 20 ¢x¢elksgbont ashantpbantym

Zi rconhgm ggdfriut heni u Better still, the external |ayer nmainly consists
of zrTi 04 52cbhPanfedBy2RGBENENTCoHERBRal Iy by Zr 2 and/or Ti 02. According

i ckel or alloys of TIESA GRCHRRCCRD | TeB0seP oLt PIPPOSEs Lol cRerr od to
use titaniHE1aTBQtEBHQth8E%tEh%%%%%%%?'%hdéﬂéé)é{EJJTLm, iron or
a titanium alloy, is coated with a non-conducting
protective layer consisting of a film of halopolymers,
15 such as Teflon®
Moreover, French Patent FR 2,311,108 has
disclosed a cathode in which the substrate is a plate
made of titanium, zirconium, niobium or an alloy
essentially consisting of a combination of these metals
20 and applied to this substrate is a layer of a metal
oxide, essentially consisting of an oxide of one or
more metals chosen from ruthenium, rhodium, palladium,
osmium, iridium and platinum and optionally an oxide of
one or more metals chosen from calcium, magnesium,
25 strontium, barium, zinc, chromium, molybdenum,
tungsten, selenium and tellurium.

However, according to LINDBERGH and SIMONSON,

REPLACEMENT SHEET (RULE 26)



30 July 2002 - 4 interlayer preferably lies between 0.4 and 2. 4. The
zirconiunmtitaniumnolar ratio intheexternal |ayer general I%)J |§2 #;t ween
0. 25 and9, preferably between 0.5 and 2.5The rutheniumin th é&! ? I

| ayerrepresents between 0.1 and 10 nol % preferably between0.1 and 5 nold
with respect to the netals intheconposition of this |ayer. Anot her subject
of the invention isthelOprocess for preparing the specific cathode,
conprisingthe followi ng steps:a) pretgeatnent of a substrate in ordertogive
t he surface roughness characteristics,b) coating of the pretreated
substrate usduglbia Sef ut [ DacAnEDNt dilkichgoeseMiidaal | sddtent , unangga) heni um
foll owed by drying and then cal cining ofthesubstrate thus coated,c) coating
of the substolat elIbt aiNeed a0b) usi NGB 40iQfAY9 ,0n tBesenpcashngdesti taml yim

zi rconi umand20r ut henium foll owed by drying and cal ci ni ng ofthe substrate.
The pretreatlert Gbrerkingttonsiodt stha Jugadilia tcheisnbstediret edher to
sand bl asting followed by washing in acid, or to pickling using an 25
aqueous soOlMRITHEYF Bl iRe act Ve drdWRiorPet aciel, i xd bf@wofthe
hydrofluoric acid and nitric, acid, m xture of hydrofluoric acid and

gl ycerol® &SASEIAT O P RIYHTARO2 - 5 hydrofiuoric acid, nitric acid
and glycerol or a m xt.ure . of hydrcEf I ngsi c, acid,, nitri caa_ci d antg_l hé{grogen

per oxi de, followed by r\l/\?askzlx“lpl?gllocr?en or nore "i'néjfslslcr?v(?e’:éeam fi ¢ denf heral i zed

water. 5 T*mlscg@s;i ©s ”@Mebﬁyhggmﬂgrﬁ‘eémi%fn 3 30ldtd gr%egjec i fier{orated

pl at e, expandle nmetal or a ca e basket nmade from exp or perforated

metal . Sol yid opn i\ i St &enghal Ly sPh epared aby i MRKiged £ 3IPd Al 145 api dior gani ¢
or organic salt of titanium 10 and of rutheni'umreact, at roomtenperature

and with stiddpdies M tthdai£fe Pl rédudPi O Jp8AEL BOhVeNnt, optional ly in the
presence of a chelating agent. The tenperature may be raised slightly above
roomtenperature in orwies bpekdlfict ocdtbsaevedriarisald sa lduifdvisat @geousl y,
an inorganic or organic salt of titaniumand of rutheniumis nade to react
wi th wat er norde nodn angarlienesol vehoseopt Eooal | the n grleeppr ésemed dby a

chel ating agent. The titaniumand rutheniumare preferably 20 each present
in solutiontiAapiwna cohekelrat FORLRAREY ng ZAir6RNOUBY t 0 MEPHDIY 1.2| uti on B
is generally frepared b¥ maki ng an i noygani ¢ or or%ani c salt of titanium

of zirconi AIVFS rthTER?Eim BRE 8L oRHPPY FEF CoPRENINSIPATET ict? 2R room

interlayer of a mixed oxide based on titanium and on
15 ruthenium and with an external layer of metal oxides
comprising titanium, zirconium and ruthenium.
Advantageously, the interlayer contains a
mixed oxide of titanium and ruthenium.
Preferably, the external layer of metal
20 oxides contains titanium, zirconium and ruthenium.
Better still, the external layer mainly
consists of ZrTiO4 accompanied by RuO, and optionally by
Zr0, and/or TiO,.
According to the invention, it 1is preferable
25 to use, as substrate, titanium or nickel or alloys of
titanium or nickel. Better still, it 1is preferred to
use titanium.

The ruthenium/titanium molar ratio in the



25 tenperature and with stirring, with water or in an organic sol vent,
optieonally in the presence of a chelating agent. Wen the i?yﬁ g@oé
exothermic, an ice bath is used to cool the reaction nixture Y uly
2002 - 6 Advantageously, an inorganic or organic salt of titanium of
zirconiumand of rutheniumis made to react with water or in an organic
solvent, optionally in the presence of a chelating agent. 5 The preferred
salts of titaniumand of rutheniumare chlorides, oxychlorides, nitrates,
oxynitrates, sul phates and al koxi des. 4Advant ageously, ruthenium chl ori des,
titanium chlorides and titani umoxychlorides are used. 10 As zirconium
salts, chlimteekayenl phatesabkyrtbagl bearveendls4 andcdndl- nitrates, and
aIkOX|des such as butyl zirconate, nmay be used. Zirconium and 2|rconyl
chlorldes are partldUW%rI?lﬁ?%$é¥@éHlt151%@ oW@éﬁFc sdF¥ent innehPfon may be

made of |ight al coho]s referably.iso and et en nare

pr ef er abl YAt e Jlr%%?)gop%‘ﬁ%‘?r%%ﬂyabgb? te ‘é’f'ﬁ%ﬁ%l gﬁ?gho ﬁ wét er or
organi ¢ solve e 20 use |nd|s rimnately, to prepare solutlon B, |t
|sgpreferr%ﬁﬁp%%é§&éq3 %%eﬁ%e an dhgafi c solven¥ mhenpthg nmetal salts are
solid ag room tenperglyr e ([pHs(WAeN the Mgl salicd sz rcopLygrehl ori de,

absol ute et hanol or absol ute 1sopropanol are used as sol vent i tani um

and Z'““”Eéﬁ@é@@h@@nﬁéébb¥neﬁﬁh.QL%?eﬂb 180! Wi B § hhacgeagentrati on
ranging from 0.5 to 5 nol /1. The rutheni um concentration in sol ution 30

July 2002 @ is prneral hyiket ween 1fesSpadd 1€b 1 v / hetpnef esabl ynbet ween 10
3 and 5x10 2 nol/1. Solution A nmay be deposited on the pretreated substrate
by using vesmpositeehnofjuelsissuaheas sol -gel, 5 electroplating, galvanic
el ectrodeposition, spraying or

Another subject of the invention 1is the

10 process for preparing the specific cathode, comprising
the following steps:

a) pretreatment of a substrate in order to
give the surface roughness characteristics,

b) coating of the pretreated substrate using

15 a solution A containing essentially titanium and
ruthenium, followed by drying and then calcining of the
substrate thus coated,

c) coating of the substrate obtained at b)
using a solution B comprising titanium, zirconium and

20 ruthenium, followed by drying and calcining of the
substrate.

The pretreatment generally consists in
subjecting the substrate either to sand blasting
followed by washing in acid, or to pickling using an

25 aqueous solution of oxalic acid, hydrofluoric acid, a

mixture of hydrofluoric acid and nitric acid, a mixture

of hydrofluoric acid and glycerol, a mixture of



coating. Advantageously, the pretreated substrate is coated with sol ution
A, for exanple using a brush. The substrate thus coated is hﬁﬁygﬁdfd in
air and/or in an oven at a tenperature of |ess than 150C. te rying, 10
the substrate is calcined in air at a tenperature of between 300 and 600C
and preferably of between 950 and 550C for a tine ranging from 10 m nutes
to 2 hours. For step (c) of the process according to the present invention,
t he sane deposition techni ques and-15 the sanme dryi ng and cal ci ni ng
operating conditions as in step (b) nmay be used except that the deposition
is carriedwiltofMudrsol uacbd, B. nOthér t echini quwes] sulhcesokheatrcab vapour
deposition (CVD), physical vapour deposition (PVD) and 20 plasma spraying,
are al so Juitabie Pér hysaCAGIHE pretd eal BT $GbSCASL ea%‘tgyﬁﬁogﬁf\erl ayer
and with an external |ayer. Solution A may be deposited e%ually wel | on one
side and VIS ddL PO Fet FaE éBgsu‘B%‘?ra‘{)Ié. T8 SSol~dfGn B"may al so
be deposi taed on. Potél ‘ii des of . the subégrate coated with the interl ayer.

c

Dependi ng o ite th %néls%e](:)?l%ﬁeedivr"l?erfayer desired, step (b) of the

processs may be repeatrd suBleiuy foSeferdle LEORR. Jlel KPULBE asteP (©)

of the process may be repeated several tines. e thicknes

interlayerpganer all yee@bhatReNGN 4¢k 2 CRYSRAEE REthet Waem 2c8RHo88 9/ N2 of
5 substrate and preferably between 70 and 35 g/ n2. The concentration of

sol ution %é%é@%&&@uﬁfdmC@ﬁfgﬂdéﬁ bhapetBbeapeaf pekad .t hi ckness can be
obtai ned by repeating step (b) a reasonabl e nunber of tines, preferably

between 1 and 9 tineSoldOidhe A hiekngssepdllipe pudptrddy ey conakeagonds to a
coverage of between 5 and 70 g/ n2 of the substrate and preferably between
25 and 50 egsentiSollyi em Bingrgangecaldly prgpaied solthatf i tstaomomntrati on
allows a thickness of external |ayer to be obtained which is in 15 the

pr ef er¥ed gnthgefbyrutdprmtimg reess (3t | &oom heemnoratwes, andef eihbly
between 2 and 5 tines. According to another object of the invention, the
speci fic cithote'dmy Héthsed'd4 Xk heOpr epdt at #Bn I I4 kafPLWBREY chlorate

by electr Oclgt:_signg{lf/ h?.nzotl(l:eor rp(;":stlagcel.l?l(g:lengof:chlaorcl:l(’?(—:(?lating agent. The

temperature may be raised slightly above room
temperature in order to help to dissolve the salts.

15 Advantageously, an inorganic or organic salt
of titanium and of ruthenium is made to react with
water or in an organic solvent, optionally in the
presence of a chelating agent.

The titanium and ruthenium are preferably

20 each present in solution A with a concentration ranging
from 0.5 to 10 mol/l.

Solution B is generally prepared by making an
inorganic or organic salt of titanium, of zirconium, of
ruthenium and optionally of other metals react, at room

25 temperature and with stirring, with water or in an
organic solvent, optionally in the presence of a
chelating agent. When the reaction is exothermic, an

ice bath is used to cool the reaction mixture.



(

The specific cathode according to the invention is particularly suitable
for the preparation of sodiumchlorate. The use of the speg fjlﬁ\gﬁﬁé{mde in
25 conjunction with an anodé allows the chlorate of an alk g to be
electrolytically synthesized with a high coulonbic yield and in the absence
of sodi um di chronat e. 30 July 2002 _ g _ As anode, nention may be nmade of
di nensi onal | y stabl e anodes (or DSAs) which consist of a titanium substrate
coated with a |l ayer of a m xed oxi degoft titaniumand ruthenium The
ruthenium titanium5 nolar ratio in this |layer is advantageously between
0.4 and 2.4. The folAdwangagzanples ian usteaganideoirnwargdroirc wsahout
limting it. EXPERI MENTAL PART 10 | - Preparation of the cathode a)

Pretreat menf &adadéposi tdfonzbfcembunnead sfer rupheniumi s phade Ronmin

t hi ckness and having the dinmensions 2 cmx 15 cmis sand bl asted and then
15 rinsed Y#2@C awéht?‘ut‘taq%r%éhll@ri%}‘ aBrE28éFutIVYaH or BREiPBat ENpve any
traces of contamnation. A solutjopn A, containing rutheniumand titaniumin
equi mol ar HAothE SPIFECPFepafed 6 eEF%FHB,aQFnFoon1tenperature and with
stirring, 2.4S g of Ci 3, .2Q of greater, than.98q.puri.t 3.64 c of
TiOCIZZ%Ci containingy327p§F%e55 i %ﬁ%F%.SognB%&RaQBSO ut%9$§oggopanol

Next. the pochofli0Re siee Ofchls: paelr eal s habesabepr esgntiggogn area of

di mensi ons cm X 5 is coated With utron sing a rush and then
left for 30«phpuigBed! TQAPHAMREr Ald €a1lieXidekhe £@RhRHapLBLS1YS dried

for 30 mnutes in an oven at 120C and then calcined in air”in a Turnace at
500C for 3futhenium chlorides, titanium chlorides and titanium
oxychlorides are used.

10 As zirconium salts, chlorides, sulphates,
zirconyl chlorides, =zirconyl nitrates, and alkoxides,
such as butyl zirconate, may be used.

Zirconium and zirconyl chlorides are
particularly preferred.

15 As organic solvent, mention may be made of
light alcohols, preferably isopropanol and ethanol and
even more preferably absolute isopropanol and absolute
ethanol.

Although water or an organic solvent can be

20 used, indiscriminately, to prepare solution B, it is
preferred, however, to use an organic solvent when the
metal salts are solid at room temperature.

Thus, when the metal salt 1is zirconium
chloride, absolute ethanol or absolute isopropanol are

25 used as solvent.

Titanium and zirconium are generally each
present in solution B with a concentration ranging from

0.5 to 5 mol/l. The ruthenium concentration in solution



30 July 2002 - 10 mnutes. These operations (coating, drying and
calcining) are repeated 3 nore tines and, after these 4 cog&hﬁﬂf | ayer
of Ru-Ti m xed oxide corresponding to 5 a coverage of appr OXi 39{?:%3 g/ n2
of the plate. b) Deposition of the external |ayer CGeneral operating nethod
A zirconium rutheniumand titaniumprecursor is mxed, with stirring, with
wat er or absolute 10 ethanol. Solution B, thus formed, is cooled using an
ice bath and continuously stirred untzil-it is used. The plate coated in (a)
is then coated with solution B using a brush. Next, the plate is dried for
30 m nut esBi disanyexvers bly 1BeCwart th®n ealci hed impli¥, 1Brefieaablynace at
500C for 30 m nutes._,These operations (coating, drying and calcining) are
repeat ed seeevaentifies amst 918" exebfhal | ayer corresponding to a coverage
of between 30 and 45 g/n2 of the plate is obtained. 20 Il - Eval uation of
the cathode The fol | 8 HELPAr Be MElYedlts ASRIT & L#F oRBeaPEChEEALEE eval uate

th ifi t hode t hus . d: (i IN NaCH sol uti 25C, i d
Lo 25" St udS RREERY5I b1 3 BE Ryt igutn, LT RGN NBEH sBF upPbRoaL: 25C

ﬁsgggLP.P??ge?é%ggiaggg%9259}8%$§%b%§é%é¥%ﬁégg%fé%gﬁ?iggrg§iﬁgeor
coating. Advantageously, the pretreated substrate is
coated with solution A, for example using a brush. The
substrate thus coated is then dried in air and/or in an
oven at a temperature of less than 150°C. After drying,
10 the substrate is calcined in air at a temperature of
between 300 and 600°C and preferably of between 450 and
550°C for a time ranging from 10 minutes to 2 hours.
For step {(c) of the process according to the
present invention, the same deposition techniques and
15 the same drying and calcining operating conditions as
in step (b) may be used except that the deposition is
carried out with solution B.
Other techniques, such as chemical vapour
deposition (CVD), physical vapour deposition (PVD) and
20 plasma spraying, are also suitable for coating the
pretreated substrate with an interlayer and with an
external layer.
Solution A may be deposited equally well on
one side and on both sides of the pretreated substrate.
25 Solution B may also be deposited on both sides of the
substrate coated with the interlayer.
Depending on the thickness of the interlayer

desired, step (b) of the process may be repeated



- 11 (iii) a 1IN NaOH solution at 25C containing 5 g/1 of NaCl O and 5 g/1
of Na2Cr202H20, in order to study the elimnation of the hypochlorite ion
reduction by the action of the dichromate. 5 Using a standéﬁbhﬂhpﬁﬁ%l

el ectrode (SCE), the electrolytic solution (i) allows us to characteri ze
the el ectrode by the value of the cathode potential, Ecath for a given
current density. The current/voltage curve obtained with the 10

el ectrolytic solution (ii) has a curgent plateau between -0.8 and -1.2

V/ SCE. The val ue corresponding to this plateau is the limting current for
hypochl or isteweir@l rteidued i o keweae, Theepur c¢nb/fv ahieage ciersee ni@caseled duri ng
the 15 evaluation of the cathodes using the electrolytic solution (iii)

gi ves us trhepdated isgyenak entmé®r hypochlorite ion reduction in the
presence of sodiumdichromate, ired(Cr), by neasuring the residual current

between -0.8 and - 1.They SEECKIPr§s| of BXEMDI el BRI 1 WAWIBYB is
R R e i SR
o0 02 e, S A LS el 0! ATV coated Wi
The concentration of solution A is
judiciously chosen so that this preferred thickness can
be obtained by repeating step (b) a reasonable number
of times, preferably between 1 and 4 times.
10 The thickness of the outer layer corresponds
to a coverage of between 5 and 70 g/m° of the substrate
and preferably between 25 and 50 g/mz. Solution B is
generally prepared so that its concentration allows a
thickness of external layer to be obtained which is in
15 the preferred range by repeating step (¢) less than 10
times, preferably between 2 and 5 times.
According to another object of the invention,
the specific cathode may be used in the preparation of
an alkali metal chlorate by electrolysis of the
20 corresponding chloride.
The specific cathode éccording to the
invention is particularly suitable for the preparation
of sodium chlorate.
The use of the specific cathode in
25 conjunction with an anode allows the chlorate of an
alkali metal to be electrolytically synthesized with a

high coulombic yield and in the absence of sodium

dichromate.



calcined in air as indicated in the general operating

met hod. These operations are repeated 4 tines and, after the final

cal cining, the mass of external layer is 30 g/n2 of the pl 30JulR®Zat hode

30 July 2002 - 12

t hus prepared was evaluated using 5 the electrolytic solutions described

above.

The hydrogen evol ution study gives a cat hode potenti al
-128 V/ISCE for a current density of 2 KA/n2 (20 A/ dnR)

the limting current for 10 hypochiosite ion reduction in the pres
in the absence of dichromate are given in the table bel ow Exanples 2-7
This table al so gi vess t heamatee of mieme icat hodeaypot ebéi al mfagte a caf r ent

density of 2 kA/n2 and 15 the value of the [imting current for the various
cat hodes plieparsibmccly déhgble ehedgsnelal BPes At Whichetdrodidiutohith a

conposition of the external

val ue Ecath
The value [sic] of

ence and

| ayer which is different fromthat used in

Exanpl e 1.2 ChbirpapabtiyeSuaimred Soatedo ot m | Hayeselokathdliexg¢dxanpl e 8)
and a pl ate nade ngtitaniun1coated with the interlayer according

a) ( Exanpl €*H&e?

prepar

cat hode p
cat hodes

curve

10

15

20

25

YEP ARG 2 BAd &M e 188 e Thndith tHeA LR

In the case ,of Eﬁg

di he | i . .25 | ,
S i HcsbhEranvRR dfe advablRaE i 1y KRR Oy,

et atwed Hlt

%ﬁgpgpi g to Exanples 8 and 9, the plateau in the current
30 July

002 - 13
The following examples illustrate the

invention without limiting it.

EXPERIMENTAL PART

I - Preparation of the cathode

a) Pretreatment and deposition of the
interlayer,

A titanium plate 2 mm in thickness and having
the dimensions 2 cm x 15 cm is sand blasted and then
rinsed with a dilute hydrochloric acid solution in
order to remove any traces of contamination.

A solution A, containing ruthenium and
titanium in equimolar amounts, is prepared by mixing,
at room temperature and with stirring, 2.45 g of RuCl,,
of greater than 98% purity, 3.64 cm®  of TiOCl,+2HC1
containing 127 g/l of Ti, and 2.5 cm® of absolute
isopropanol.

Next, the end of one side of the pretreated
plate, representing an area of dimensions 2 cm x 5 cm,
is coated with solution A using a brush and then left
for 30 minutes at room temperature. Next, the coated
plate is dried for 30 minutes in an oven at 120°C and

then calcined in air in a furnace at 500°C for 30

to (I -
odes

t he

i ke the
/vol t age



observed with the electrolytic solution (ii), using the cathodes prepared
according to the invention, is greatly reduced or even non-existent.

TABLE EXAMPLEPRECURSORSOLVENTMOLAR RATI O Zr/ Ti Ru/ ( Zx+Ti +R30chdy 2002
(MSCE)irvd (AAm2)irad (Cr) (A/'nR)irad/

ir,d(Cr)1Zrd 4Ti d qRud 3Absol ut e10. 001- 1. 28- 30- 301et hanol 2Zr CC 2Ti 0C12Rud 3
Absol ut e20. 02- 1. 27- 30- 251. 2et hanol 3Zr OC 2Ti OC zRud 3Absol ut e0. 5d. 02- 1. 32-45
- 351. 28et hanol 4Zr OC 2Ti OCl yRuCl 3Abso] ut e10. 02- 1. 28- 25- 201. 25et hanol 5Zr OCl zT
i 0C12RuCl 3wt er 10. 02- 1. 33- 78- 302. 66 4Ti C 9Rud 3Absol ut e10. 02- 1. 28- 85- 751
. 13et hanol 7Zr ¢ 4Ti A 9RuC 3Absol ut e10. 005- 1. 25- 70- 401. 75et hanol 8- 1. 37- 400- 30
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CLAI M5 These operations {coating, drying and

calcining) are repeated 3 more times and, after these {4
coatings, a layer of Ru-Ti mixed oxide corresponding to
5 a coverage of approximately 30 g/m2 of the plate.

b) Deposition of the external layer

General operating method

A zirconium, ruthenium and titanium precursor

is mixed, with stirring, with water or absolute
10 ethanol. Solution B, thus formed, is cooled using an
ice bath and continuously stirred until it is used.

The plate coated in (a) is then coated with
solution B using a brush. Next, the plate is dried for
30 minutes in an oven at 120°C and then calcined in air

15 in a furnace at 500°C for 30 minutes.

These operations (coating, drying and
calcining) are repeated several times until an external
layer corresponding to a coverage of between 30 and
45 g/m2 of the plate is obtained.

20 II - Evaluation of the cathode

The following three electrolytic solutions
are used to evaluate the specific cathode thus
prepared:

(i) a 1N NaOH solution at 25°C, in order to

25 study the evolution of hydrogen,

(ii) a 1IN NaOH solution at 25°C containing

5 g/1 of NaClO in order to study the reduction of the

hypochlorite ions, and



PCT/ ER99/ 00304 1. Cat hode conprising a substrate made of titanium nickel,
tantalum zirconiumor niobiumor 5 m xtures thereof, an interlayer of a

m xed oxi de based on titani umand on ruthenium and an ext c&0hduly 2802 of
nmet al oxides conprising titanium zirconiumand ruthenium 2. Cathode
according to Claim1l, characterized 10 in that the substrate is nmade of

ni ckel or titaniumor of nickel or titaniumalloys. 3. Cathode according to
Claim 2, characterized in that the_gﬂ$s;rate is made of titanium 4.

Cat hode according to one of Clainms I'to 3, 15 characterized in that the
interlayer is a mxed;pxjdg ofytihafi WBANLA! Bt BaMAIM:oR: 2 ER1 Rgde

according to one of ailns 1 to 9, characterized in that the external |ayer

of metal oxides egnt@idiot hhanisung/zi bEON4L@r38d2fyth heRihun r&0r 6¢oCat hode
according to Caim5, characterized in that the |ayer is external [sic]

essenti al | ¥yt G@PStRéSe0imZhit@4naeompaniBghdyh IRK: andowpteanatliynby Zr02
and/or Ti02. 7. Cathode according to one of Clains 1 to 6, 25 characteri zed
in that theyrubdeacuidni ofinthen dbthromateo in the interlayer |ies between
0.4 and 2. 4. 30 July 2002 - 16 8. Cathode according to one of Clains 1
to 7, characterized Vaintiag shendarcomialigmelt smliastradar ($GE) o Ehet he
external layer lies between 0.25 and 9. 9. Cathode according to C aim 8,
char act er i 9£8ctrphy that SPhEt:PRc A udliliowsniusn tl eharactorizesthet ween 0.5

and 2.
electrode by the value of the cathode potential, E.itn,

for a given current density.
The current/voltage curve obtained with the
10 electrolytic solution (ii) bhas a current plateau
between -0.8 and -1.2 V/SCE. The value corresponding to
this plateau is the limiting current for hypochlorite
ion reduction, 1 aq4.
The current/voltage curve recorded during the
15 evaluation of the cathodes using the -electrolytic
solution (iii) gives wus the 1limiting current for
hypochlorite ion reduction in the presence of sodium
dichromate, 1i,.q(Cr), by measuring the residual current
between -0.8 and -1.2 V/SCE.

20 IIT - Examples

Example 1
Solution B is prepared by mixing, with
stirring, 5.83 g of ZrCly, 0.01 g of RuCls, 2.74 cm’ of
TiCly and 10 cm’® of absolute ethanol in a container
25 cooled using an ice bath.
Next, the plate coated with the interlayer is

coated with solution B thus prepared and then dried and

calcined in air as indicated in the general operating



10. Cat hode according to one of Clains 1 to 9, characterized in that the
rutheniumin the external ! layer represents between 0.1 and 10 nol % w th
Tespect 10 to the netals in the conposition of this |ayer. 30WulyC3Q2de
according to Claim 10, characterized in that the rutheniumin the external
| ayer represents between 0.1 and 5 nol % 12. Process for obtaining a

cat hode according to 15 one of Clains 1 to 11, conprising the foll ow ng
steps: a) pretreatnment of the subst rat e, b) coating of the pretreated
substrate, using a solution A containing essentially titanium and

rut heni um, diqld eved s Ar yiag Anddden cal cepedded 30 Juh¥s20984; 17 c©)

coating of the substrate obtained in (b), using a solution B conprising

titani um zitLONEHE EGhaNUt EENEMMI nd Ol lkdwedndys dbYi RektvhLoal thpepg. 13.
Process according to Claim12, characterized 5 in that the drying of step

(b) and/orig Q0 ig/ad) teay iglecteout in air and/or in an oven at a
tenperature bel ow | 50C. 14. Process according to Claim1l2 or 13,
characterized in thdrhe heachddenthgsobrepeyed )wanddoalidtg¢ad)ussngar e)
carried out in air at a tenperature of between 300 and 600C. 15. Process
accor dihg the Geat ol yeharseleriony daschibedhabedkei ning tenperature is
bet ween 450 and 5S0C. 15 16. Process according to one of Clains 12 to 15,
characterized in that"¢ hBYSEpgeRatey qldtaifiy e%g'éﬁysg&éﬁeaﬂ & feshedestep (b)

before be%%%é%%§§ft$§H&§ §L§P=$Qh;28 V/SCE for a current density
of 2 kA/m’ (20 A/dm’).
\ The wvalue ([sic] of the limiting current for
10 hypochlorite ion reduction in the presence and in the
absence of dichromate are given in the table below.

Examples 2-7

This table also gives the wvalue of the

cathode potential for a current density of 2 kA/m’° and

15 the wvalue of the 1limiting current for the various

cathodes prepared according to the general operating

method, but with a composition of the external layer
which is different from that used in Example 1.

Comparative examples 8 and 9

20 A mild-steel cathode (Example 8) and a plate
made of titanium coated with the interlayer according
to (I - a)(Example 9) were evaluated under the same
conditions as the cathodes prepared according to the
invention.

25 In the <case of Example 8, the cathode
potential was determined in the presence of dichromate.

Unlike the cathodes according to Examples 8

and 9, the plateau in the current/voltage curve



'17. Process according to one of Cains 12 to 16, 20 characterized in that
the substrate is subjected several tinmes to step (c). 18. Process for
manuf acturing an alkali metal chlorate by el ectrolysing the3@duly@9p@ndi ng
chl oride using a cathode according to one of Clains 1 to 11. AMENDED SHEET
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15 characterized in that the interlayer is a mixed oxide
of titanium and of ruthenium.

5. Cathode according to one of Claims 1 to 4,
characterized 1in that the external layer of metal
oxides contains titanium, zirconium and ruthenium.

20 6. Cathode according to Claim 5, characterized
in that the layer 1is external [sic] essentially
consists of ZrTiOy accompanied by Ru0O, and optionally by
Zr0O, and/or TiO,.

7. Cathode according to one of Claims 1 to 6,

25 characterized in that the ruthenium/titanium molar

ratio in the interlayer lies between 0.4 and 2.4.
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13. Process according to Claim 12, characterized

5 in that the drying of step (b) and/or (c) is (are)
carried out in air and/or in an oven at a temperature
below 150°C.

14. Process according to Claim 12 or 13,
characterized in that the calcining of step (b) and/or

10 (c) is (are) carried out in air at a temperature of
between 300 and 600°C.

15. Process according to Claim 14, characterized
in that the calcining temperature is between 450 and
550°C.

15 16. Process according to one of Claims 12 to 15,
characterized in that the substrate is subjected
several times to step (b) before being subjected to
step (c).

17. Process according to one of Claims 12 to 16,

20 characterized in that the substrate is subjected
several times to step (c).

18. Process for manufacturing an alkali metal
chlorate by electrolysing the corresponding chloride

using a cathode according to one of Claims 1 to 11.
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