; €3eON L""#$" $&6&TN 9>S 30 JUL2002 WD 99j 95175 PCT/ FR99/ 00304 - 1 SPECIFIC
CATHODE, WHI CH CAN BE'USED FOR THE P AN ALKALI METAL CHLORATE,
AND | TS MANUFACTURI NG PROCESS 5 The WM\“@W@U on rel at 3¢ July 20024t hode,
whi ch can be used for the preparatio nmetal chlorate by

el ectrolysis of the corresponding chlori d&%nhd its nmanufacturing process.
Al t hough the actlvatlon of cathodes for the 10 el ectral }IC synt heS|s of
sodi um chl 8Pa’@/Had Bor med t he subj ect of many paper ﬁ/ W however,
been very few studies devoted to the formation of speC|f|c cathodes. It is
known that, in the electrolytic 15 pregaratlon of sodi um chl orate t here

are, in pargl Ccf‘il el é‘el;rF]ﬁ@Dé ea&ﬁ%@ﬁsci\ﬁa%t "gskp fﬁgr%hEaEREbﬁ owmany

secondary rea at thé cat apar omthe re |on of
water to hydrggegy mchwzqw %HL@RAﬁ%dUQAtNUJ'IfSEWNM@WR‘fﬁG 20 Sodi um
chlorate is manufactured on an industrial scale in electrolytic cells, each
of them conprising several mld-stegkoc@gfodes and several titanium anodes
coated with rut henium oxi de. They are generally supplied with an

el ectrolytic solution 25 consisting of approximately 100 g/1 of sodium
chloride, of approximately 600 g/1 of sodium chlorate and of sodium

di chromat e i n an anolite | pragenet ierent iand relates to-~-& xmthody July
2002 2 5 g/1. The latter is used to reduce or even elimnate the
hypochl ori whichn ¢@dudi¢ otisesactPon. titdes pirepariad iva) opfr ot (#ldpdd by the
di chromate in the reduction of hypochlorite ions and 5 its ease of use,
chrom um (¥efals shlpkater eb¥ntetemerohyet st IReattfecardashonding i net al

chlorate th pr.epared yequires rification step, but above all because
it pollut e§H‘iﬁé 18ivi rac?ﬁ{ré&t 31"59 RG99 Bbvi ousl y i rrportant from

an ecol ogi cal standpqi find.a | acepgnt ion docunent
US 9, 295, 951 propose%]’t%f‘ L?g\ g?eaaé:é: Va I?LQ\/I\}nose su%q} e[s fmade of

titani a Y, o] nq‘]‘ﬁﬁinl

pr ot ec?:@vebflg%gr} (% rtftéﬁcfstlnggh?HQ o%ﬁ%p%%ﬁé?gg gguc é@eflon
Moreover, Ehgncdy, @@toERn?arﬁ;llpalﬁérbaSt%&@I oBfk 2 ﬁ@t«aeee | by ch the
substrate is a plate made of titanium zirconium niobiumor an alloy
essenti al | yeg@nsiest i Bguaied Gldiveat i 66 ohet heamma®ien so20 spiutiapipl ied to
this substrate is a layer of a netal oxide, essentially consisting of an
oxi de of opatbodesr.e nmetal s chosen from ruthenium rhodium palladium
osmum iridiumand platinumand optionally an oxide of one or nore netals
chosen from cal ci um Ifagnesi ukpo® sttlonti uminbartlen SlestrsHngticum

nmol ybdenum tungsten, seleniumand tellurium However, accordin

LI NDBEREH BHEPSFRINSON, oREPPAIRERTLSHEES / (RDST 263 Te, 3enamafazlg@zl

Jour nal of El ectrochem caJ, Soci et 0, Vol 37, No. 10, p.

3056 3006, MikBS r}t‘latﬁﬁa‘éElSHFy 0% LES KRt iidiah PHBéH§EOCW}ad}31te  on

reducti on reactlonto be sl owed &/?‘8 but d not a}:ltlo the_ 5 tion to be
i

el i ni nat ed”® ‘fﬁ@dﬂﬁm [ cea%cfth%rés ho écover a Ca hno d V\ﬁ%ﬁ S8 the

hypochl ori I QR u‘%ﬂfi ol r o] bite | .retaining
good prope%tsl es Wt (rgedsp(g%tgg%k l%o d(ﬂ%ldct%oﬁ }’% iogtr]iltlelol%'

speci fic cakhode i 6AMHea$eS mrrsate rrade of an el enent chosen fromthe
group formed by titanium nickel, tantalum zirconium niobiumand alloys
thereogp the said sulsslgiaie b@hmgr@«aat ediwi t mamufacehtayer ® a 4A xed

oxi de based on titaniumand on 15 ruthenium and with an external |ayer of
met al oxi déadasnpiiadi ngecdléadnineletteohyuincanseY1lg heriadh Advaiageous!y,
the interlayer contains a m xed oxide of titanium and ruthenium

Pr ef er abl ycompe iedingr nalevemedr ofiihdtste®D ogatbedeont ands tsewaraim
zirconiumand ruthenium Better still, the external |ayer nainly consists
of ZrTi 04 &étenpam exndgeRuc2asrd opttlonabkhebyully G iarl/ of b¥yOZreAccor di ng
to the invention, it is preferable 25 to use,_ as substrate, titanium or

ni ckel or GPPEYELdY tiswPPLEeer middel . aBet telecEFPlytie | SQ¥uHA ed to

use ti nium The rutheniunmtitanium np io_in the
5 con51st1ng of approximately 186 g?i of sonum chloride,

of approximately 600 g/1 of sodium chlorate and of

sodium dichromate in an amount 1lying between 2 and
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30 July 2002 _ q _ interlayer preferably lies between 0.4 and 2.4.The
‘zirconium titaniumnolar ratio intheexternal |ayer generally |ies between
0.25 and9, preferably between 0.5 and 2.5The rutheniumin tHé“BﬂY@Pﬁ%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) pretreatnent of a substrate in ordertogive
t he surface roughness characteristics,b)- coating of the pretreated
substrate usingl5a solution A containing essentially titaniumandrutheni um
foll owed by dryi nghendlatiesr cabciusiedly ©F t hedupst o&t eeYeseddmiosdte) coating
of the substrate obtained atb)using a solution B conprising titanium

zi r coni umahB®ORHPAERL AL tRoL PBWERIBG LdPRi K§2&HEdORal ci ni g of t hesubstrat e.
The pretreat nent generaIL¥ consi sts in subjec&ing t he sabstrate either to
sand bl asting fol | owB8SBy RashihRy i MO, P10 RLAY$Hg R ngthk 25
aqueous sol.utjon of oxalic¢,acid,  hydrofluaqrigc aci a. mxture of

hydr of | uor f&-8EPE25Rd lnr}tﬁlhg arc%c%}fé/%lonﬁl xto(d}'r eh%?oﬁsﬁ?ﬁ%%orliocnsacF&dand

gl ycerok, E‘TE‘ xbwee & 41580 éﬁ%ﬁgﬂz vy {wdgef lyri G ack gy g'i Lic acid
and glycerol or a mxture of hydrofluoric acird, nitric acrd an ydr ogen
peroxi de, fighbewedth s vapidihsnetfe "IRali Mafedd) degaified dagineralized

water. 5 The substrate may be in the formof a solid plate, a perforated
plate, expppgpdrant ateqiesabhqsier bpsket i omde tepym sypandasor aper f or at ed
nmetal. Solution Ais generally prepared by nmaking essentially an inorganic
or organi cbeahtisef iti tpolLbutéd am@d oénvitbementh r €atisediertom t @gper at ure
and with stirring, with water or in an organic solvent, optionally in the
presence ofsaoblvdloatsilyy iageontathe froperat @eokmgideel r atesdpslinght |y above
roomtenperature in order to help to dissolve the salts. 15 Advantageously,
an i not8ante 6indraaneplagemest splBAL@M-and of rutheniumis nmade to react
with water or in an organic solvent, optionally in the presence of a

chel ati ng agent . TheTPPFanF@ﬁHQ%EWLH%eﬁi%ﬁﬁaPélpngﬁQﬂﬁ%/gkﬁeaéﬁ pr esent
in solution A with a concentration rangin rom0.5 to, 10 npl /1. Solution B
i s general P¥ frepabedenyhragi 4 éﬁﬁ%iﬁxyﬁ%4?(ég(ﬁiﬁﬁﬁ%u@alfrB? PEt ani um

of zirconium  of _rutheni and opti ly of .ot he s r . at room 25
Cenperaturt shacart et tiiTRo. ort rovared ovifh"ah oFoRnfehEdrbunt
optional ly_,j . pLe : l.af i gent n l.an i s
exothernic?kgﬁéggégéaﬁﬁggg 3%g§u%§%g§%|@?h§ ?gé€}¥%§ %%£§E§g§ﬁgk§0 July
2002 -16 g@aangggg@g§by§ﬁan i norganic or organic salt of titanium of
zirconiumand of rutheniumis made to react with water or in an organic

sol vent, optionally Marebeep;esereachf @®atkeitat iBRy a@ehil, boFhenpeeferred
salts of titaniumand of rutheniumare chlorides, oxychlorides, nitrates,
oxyni tr at e@issubpbdt es @ithal&kokn debhichdwadre agebatkgter utshemi pirmchl ori des,
titaniumchlorides and titani umoxychlorides are used. 10 As zirconium
salts, chimadeesofsukphandym, zi zdaepnigim,or irdebiun r comnyl anit edley, and

al koxi des, such as_butyl zirconate, may be used. Zirconium and zirconyl

chl ori des @feephieityil GPnyigténar pdda eomingtydan ©Sothene, mgEaLFon may be
made of |ight al cqhols, preferably isopropanol and ethangl and even nore

pr ef er%@)l y‘g%‘%s %dsobgoﬁﬁlrhﬂ %1%1855’6 bPut® eRhaifdier aAPthdughehadter or an
organi ¢ solvent can be .20 ed, indiscrimnately, to prepare solution B, it
s pref er r@L Rondrsen R IRE SANSPERRPT sotvell  REAS: et mit R i (s are
solid at r t rat u et al § 1S Zi k chl ori de,
absol ut e e@ﬁ%oﬁggrglgbgﬂ%uste?i g%%*ﬂ%gﬁglggéﬁygl’zglﬁ%ﬂ]dé’s éé?\%gﬁwmﬁ tani um
and zi r conh&m @he gsﬂeia#l XnﬁaﬁﬁaFEri%%‘ﬁmadcf‘ S 4 LM P Yty aggopgent ration
ranging fromO0.5 to 5 nol/1. The ruthenium concentration in solution 30
July 2002 Bhés @engfcild ¥ neataneen ch@s3nand rde 1cB0EA im, Pr REgHEBLE Ymbet ween
10-3 and 5x10 z nol /1. Solution A may be deposited on the pretreated
substras e dyrostigmyari @iy i@Ghni qeese, suckongain, gel , mblgbaehumpl ati ng,
gal vani c el ectrodeposition, spraying or coating. Advantageously, the
pretreat edt suppsten esetepbamednds thldakdtimon A, for exanple using a brush.
The substrate thus coated is then dried in air and/or in an oven at a
tenperature of |ess HbaavespCacaprdingr yriond,INIBERGH samdt SAMONBON¢al ci ned
inair at a tenperature o between 300 and 600C and preferably of between
450 and 550C for a tinme ranging from10 mnutes to 2 hours. For step (c) of
t he process according to the present | REPLACEMENDeSHBRE {RPOEI R6ONn

techni ques and 15 the sanme drying and cal ci ning operating conditions as in
step (b) may be used except that the deposition is carried out with

sol ution B.



O her techniques, such as chem cal vapour deposition (CVD), physical vapour
‘deposition (PVD) -and 20 plasnma spraying, are also suitable for coating the
pretreated substrate with an interlayer and with an exter na30 July P02
Solution A may be deposited equally well on one side and on both sides of
the pretreated substrate. 25 Solution B nmay al so be deposited on both sides
of the substrate coated with the interlayer. Depending on the thickness of
the interlayer desired, step (b) of _thRe_process may be repeated 30 July
2002 g _ several tinmes. Likewi se, step (c) of the process nay be repeated
several tings, Jhe tQECKEQ%%ug%r]rtQ h%lle%tt%c%é%&qner@éjyeﬁgref@ pds to a

coverage of between 2 an of 5 substrate and preferably between 20
and 35 g/ n;oTher gpnced.r atioon of syWadipd | $Hels@ ckautbheshosgnyso t hat
this preferred thickness can be obtained by repeating step (b) a reasonable
number of tarnesy phef ckahbyibet wrentReanthgbdlilesitd0ibhe t&deckness of the
outer layer corresponds to a coverage of between 5 and 70 g/ n2 of the
substrat e amshqriefer atdy et webowdd adowd0 iR, dSol et onaBlow general |y
prepared so that its concentration allows a thickness of external |ayer to
be obt ai hedrawtchon sto g selpipaeedrred range by repeating step (c) |ess
than 10 times, preferably between 2 and 5 tines. According to another

obj ect of the inventibie PEPLLSEANY | BagatPotle HaFPenrskdai nceheode
preparation of an kal i tal chlorate by electyolysis of the 20

D or T aspond e i o1 1065 THE. CHBOPPICTEEERS00 BRI (AT ThvEAt i on i s
parti cul arl% sui t bléa f.or t?e regirat iton ofn sodi um chl orate. The, use of

t he specifi e chpibRe "F% 'ﬁgl SnFﬁﬂi i 6% DRiCH " LS PR T $he thiorat e of
an alkali mRIgledo O Eheadolyticablyisynthastegd with a high coulonbic

yield and in e abSence sodi um di chr onmat e. July 2002 _ g _ As
anode, {g@ntion may berppde o AifTRNSEQPRbEY LAl A A0dES (@hsHfed Whi ch
consist of a titanium substrate coated with a layer of a m xed oxi de of
titani um anghdalt REni 4M dh@ndnit heshiog@nt | EaBmuntibe NRYravup atbemed tys | ayer
i s advant ageously between 0.4 and 2.4. The follow ng exanples illustrate
the inventitontamilvout hiokélpg cantEXRRRI VENTAORAR] 1Ghiobiudnepandti on of
the cathode a) Pretreatnent and deposition of the interiayer. A titanium
plate 2 nmahleys ckiressofindthaveagdt sabgitmans dedng cmaked whth sasand

bl asted and then 15 rinsed with a dilute hydrochloric acid solution in
order to rehtRrbayeE r 8fes® oigedt Misky | BAsed €& ukibaniumc@ERdhi AR ng

rut heni uym and titaniumin equi nol ar anounts, i s prepared by m xjng, at room
t enper at ur FEMERFYR & (Y ?F’456’§t%?n?%ﬁdl§¥efo ‘8? Eﬁeéé‘ﬁero’fh% 508~
purity, 3.64 cnB. of TiO0Cl C1 cont al ni .Ti, and 2.5 cnB of
absol ute is%opnr1 I'blasnlolfg W\]l%(%gﬂf e £e)ln]I(‘:Ig(()) l%ﬁegéﬁzdgéé?g{’ﬁgﬁlbr etreated pl ate,

representing an area Q&v&%@?@#@é‘f 2 CPhX 5:iQWerd2vlks CQaifdiMdh golution
then le or 3

A using a brush and 0 mnutes at roomtenperature. Next, the

coat ed pl atystsq bk £4k TOFf B0 4 Dikh €Snd NraphéMeamat 120C and t hen cal ci ned
inair in a furnace at 500C for 30 30 July 2002 - 10 mnutes. These

operations (coating, eryfagaleng, cakbieni reptearrea epeayed 3 JTOr emétaes and,
after these 9 coatings, a layer of Ru-Ti m xed oxide corresponding to
20 oxides contains titanium, zirconium and ruthenium.
Better still, the external layer mainly
consists of ZrTiO; accompanied by RuO, and optionally by
Zxr0, and/or TiO,.
According to the invention, it is preferable
25 to use, as substrate, titanium or nickel or alloys of
titanium or nickel. Better still, it is preferred to

use titanium.

The ruthenium/titanium molar ratio in the



5 a coverage of approximately 30 g/n2 of the plate. b) Reposition of the
external |ayer General "operating nmethod A zirconium rutheniumand titanium
precursor is mxed, with stirring, with water or absol ute 103%:Juiy2002
Solution B, thus forned, is cooled using an ice bath and conti nuously
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 mnutes in an
oven at 120C and then calcined in air 15 in a furnace at 500C for 30

m nut es. These operations (coating, éryinrg and cal cining) are repeated
several tinmes until an external |ayer corresponding to a coverage of

bet ween 30 dHPURYFHPEFfehabby al ke sbebwvaened. 428nk! 2- 4Eval uati on of the
cat hode The followi ng three electrolytic solutions are used to evaluate the
speci fic cat hode thug“‘rﬁ eFar RPN yn/ i tah NaroH solait | onatto 256G, | pherder to
25 study the tevoI tiqon of hydrogen, (i |Sz a 1IN NaOH sol ution at 25C

cont ai ni ng B ge/rfag‘f G i PR LD stirly thrtwesiuct( ods ofandie 9,

hypochl ori i ) 30 July 2002 - 11 (iii) a 1IN NaOH solution at 25C
cont ai ni ngtpgeds%%saéjflvl\g)ﬁt@ea%ui'sg/aln 2 NazZCr ZO2H20, in order to study the
el i m nats on of the hypchl ari ion reduction, by the actiqgn of the

di chromate. S Using a stangéd%ﬁ%rlé Lgnmel tlect Egﬁe (SEELIHe elkaye®dl ytic

.sol ution (irkpaels@ws supHdeadiar gci egize 1 ctrode b he val ue of the
cat hode potential, E~atn. for a %i \?llejﬁl cludpﬁtéﬁjfgﬂeﬁsrfe?ﬁF%?hé’ RFEYRY vol t age

curve obt aibned ahth $hend0y ehgaiy ol ks ol yt,i opy Lii a current plateau
between -0.8 and -1.2 V/SCE. The val tlflg%gc?r rggpogg%ng&?ggfﬁi s“bl att(:}beau is the
limting caepmppsitdonhyfochlier illagdrxan reduction, |red~ The current/voltage
curve recorded during the 15 evaluation of the cathodes using the

el ectrol ytic sol uti oAnpttheyr gisuksjeds t hef | i théi ngnegnteph f Qs hyppehlorite

i on regﬁcti on in the presence of sodiumdichromate, ired(Cr), by neasuring
the resrduBFPERFfedCh R Nrarinmg 8thad sphcd Al/SCEa tROdE) | com@iﬁ@glr%s Exanpl e
Z Sol ution E i§ %egared by mxing, with stirring, 5.83 g of Zrd 4, 0.01 g
of Rud 3, 5"94IRL8OB{Ng; 8£8P&Ad 10 cnB of absol ute ethanol in a container

25 cool ed using an icg bath. Next, the plate coated with the interlayer is

coated with sol ution® tﬂﬁ%ﬁﬁ%‘ﬂ%ﬁ"é‘ﬂ 24d § hémbgtitadeandncaixdewedtion air as
i ndi cated } h e peratin 30 July 2002 - 12 nmethod. These
oper at i onség‘r’éé ?%%eg‘?%ggﬁgt ??rgg 3%5,5 88?«5?0 RELFEASS cal ci ning, the mass of

external layer is 30,0/ pR,0f 0 I . The cathode thus prepared was
eval uated using 5 thegel eat rl(r)l}gyf?ig g%?uplrgﬁsre &SSP R U$HBIhydr ogen

evol utl®dn stugdylgtyes azcathowes poigati ak ~ath = -1.28 V/ISCE for a
current density of 2 kAine (20 Adn®j . Tﬁ\éﬁ\%g%&gy[sihccﬁtaor}l?'ﬁe F‘P%Eti ng

current forutlifehiypochfollidrved oByr @@ehigOR nign £55 ndci he
absence of dichromate are gi venyi n %’he’gt abl ettjﬂeéﬁ]o&/:.r Engrlgr?isgg-gh%'hi s table
al so gi vesubat natieicthuis tdmatted hode potential for a current density of 2
KA/m2 and 15 the value of the limting current for the various

Cc) 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
nmixture of hydrofluoric acid and nitric acid, a mixture

of hydrofluoric acid and glycerol, a mixture of



cat hodes prepared according to the general operating nethod, but with a
conposition of the external |ayer which is different fron1tﬂ€%gu%§3 in
Exanpl e 1. Conparative exanples 8 and 9 20 A mi | d-steel cat Y %nple 8)
and a plate nmade of titaniumcoated with the interlayer according to (I -
a) (Exanpl e 9) were eval uated under the sane conditions as the cathodes
prepared according to the invention. 25 In the case of Exanple 8, the

cat hode potential was determ ned in tshe presence of dichromate. Unlike the
cat hodes according to Exanples 8 and 9, the plateau in the current/voltage
curve  3ChydtyfP0O8Zie lacidhsemdadiw t hadie ehwdtrglyteeosol vt om (ii),
usi ng the cathodes prepared according to the invention, is greatly reduced
or even nomiekiuseept. hydABTRE PRECURSORSOH VENTMAARI Rad Ohpdrbigen

Ru/ (Zr +Ti +Ru) Ecath (V/ SCE)~-rad (A/nR)ired(Cr) (A n2)fired/

i r~(Cr)1zZrepaqx orud Shlewedt 10, GREhLNZE- 30e3028t HAPER 2 A IO P TiL@C12RudC 3P
. bsol ut e20. 02- 1, 27- 30- 251. 2et hanol 3Zr OCl 2Ti 0C12Rud 3Absol ut e0. 50. 02- 1. 32- 45
- 351. 28et HATRPATF ERH , FPBERSRAELERFs WRGEE10. 02- 1. 28- 25- 201. 25et hanol 5Zr OOl 2T
i OC zRull 3Vt er 10. Q2-,1. 33-78-302. 66Zr G 4Ti G 4RuCl 3Absol ut £10. 02-1. 28- 85- 751
136t hatol 72r 01 4Ti O BRECSYRFSHARS 10°B0BS1 5. 902 46PEPsethaRol OL157- 200- 301

3381 26-500¢3514 2R W QG N0, I0oIHLU2908 MO 991 4515015 CLAINS

PCT/ FR99/ OU: _ e conmprising’ a stibstrate na ti tantum- ni ckel,
tantal um Eééﬁé’ﬂ'xﬂ%@rf&?bﬂbbﬂghﬂgeé W?‘é&%ﬁa*{%rde%etaai”. interlayer of a

m xed oxi de based on titanium and on ruthenium and an external |ayer of
met al oxi des conpri sgaguthbani AM;iZi ?@ﬁ@h:'elfﬂl@ndpfélééﬁﬁ@&urﬂy 2 maledinlgode
according to Claim1l, characterized 10 in that the substrate is made of

ni ckel or éssemtLaldy afn niakebanict i éanictyaioysald. &at hadanaeaording to
Claim 2, characterized in that the substrate is made of titanium 4.

Cat hodkO acamd diofg totheeioh Gexiats lato o Stehpeaeatariezeghd nwtiltht t he
interlayer is a mxed oxide of titaniumand of ruthenium 5. Cathode
accordi ng ¥eipnbnef CwWiiths 1waben, ohraratheridbed $¥gambe t Belaendrnal | ayer
of metal oxides contains titanium zirconiumand_ruthenium 20 6. Cathode
accor di ng R-EPRRH B, idhakhet LG Phatd t RBeLaféngi ¥R er ndihe si ¢]

essentially consists of ZrTi 04 acconpani ed by . and optionally by Zr02
ondl o Ti OETBeTEENRRde Bekor g 1 of RNt GEBVSe. ERbact o | sed

N that L e LUt bepl,unt £ 30Lum FB! L1540 il 1 d U IMRTs | 1 es bet veen
15 Advantageously, an inorganic or organic salt
of titanium and of ruthenium is made to react with
water or 1in 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.



8. Cathode according to one of Clainms 1 to 7, characterized in that the
'zirconiumtitaniumnolar ratio in the exter nal | ayer lies between 0.2S and
9. 9. Cathode according to Claim@8, characterized 5 in t hat3Q J#dy 2002
zirconiumtitaniumnolar ratio lies between 0.5 and 2. 10. Cathode
according to one of Clains 1 to 9, characterized in that the rutheniumin
the external |ayer represents between 0.1 and 10 noles with respect 10 to
the netals in the conposition of thig Layer. 11. Cathode according to Caim
10, characterized in that the rutheniumin the external |ayer represents
between 0.1 and 5 noAdvadfagfraskgs hor nbbedamig arcaidyudeiacsalding to 15
one of Clains 1 to 11, conprising the follow ng steps: a) pretreatnent of

t he subst raf etitab)jumeatdfngz bf comiupr endeaifedrstubebiame i susnane ateol ution A
containing essentially titanium and ruthenium followed by drying and then
cal ci ni ng,reago gty 2@02Er 97 1p) yoafragndf tsed wulst rapkiobedied in
(b), using a solution B conprising titanium zirconium and ruthenium

fol | oned by dFi% rigr afrreal @ n‘Fnﬁhel_t‘Bthgoé%létaccordl ng to CI aim 12,
characterized 5 in t at the i ng of and/or are) carried
out in Air and/or int&n oPéﬁ(%S%rﬁgt rﬁ?:]rta‘tpu @t pelt &\'fvaf%g‘ﬂg. a4-“ Pr8tess
accordi ng 19 d ai m 12 or ar a ter| zed i hat the cal ¢ ni of step
(b) and/or %h?%’) I's (%ﬁee) calr(}:ir.| e Sut in % ph% a ?ehperat‘tregg " bet ween

300 and 60 d6ra ELOCCIY LA N 0 Ch ghlldds ChAGRERELELEE1Y, that the

calcining t erature’ i 15 16. Procéss actording to

one of O aiuBhdRid® Ll SHAIAS! eiiizam ik t Bal di@esubshiat e1t§n§uhl ect ed
several tines to step (b) before bei ng subjected to step (c)

Process ac&q@tmt@egn@r@f\;gal me 12 to 16, 20 characteri zed |n that t he
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preferred, however, to use an organic solvent when the
nmetal salts are solid at room temperature.
Thus, when the metal salt is 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
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B is generally between 10 and 107! mol/l, preferably
between 1073 and 5x1072 mol/1l.
Solution A may be deposited on the pretreated
substrate by using various techniques, such as sol-gel,
5 electroplating, galvanic electrodeposition, spraying or
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
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several times. Likewise, step (c) of the process may he
repeated several times.

The thickness of the interlayer generally

corresponds to a coverage of between 2 and 60 g/m2 of
5 substrate and preferably between 20 and 35 g/mz.

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/m2 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 (c) 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.
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As anode, mention may be made of

dimensionally stable anodes (or DSAs) which consist of
a titanium substrate coated with a layer of a mixed
oxide of titanium and ruthenium. The ruthenium/titanium
5 molar ratio in this layer is advantageously between 0.4
and 2.4.
The following examples illustrate the
invention without limiting it.

EXPERIMENTAIL PART

10 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
15 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,,

20 of greater than 98% purity, 3.64 cm’

of TiOCl,-2HC1

containing 127 g/1 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 c¢m,

25 1is 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
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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/m® 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 1IN NaOH solution at 25°C, in order to

25 study the evolution of hydrogen,

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

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

hypochlorite ions, and
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5 g/1 of NaClO and 5 g/l of Na,Cr,0:2H,0, in order to
study the elimination of the hypochlorite ion reduction
by the action of the dichromate.

5 Using a standard calomel electrode (SCE), the
electrolytic solution (i) allows us to characterize the
electrode by the value of the cathode potential, E.ith,
for a given current density.

The current/voltage curve obtained with the
10 electrolytic solution (ii) has 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, iieq.
The current/voltage curve recorded during the
15 evaluation of the cathodes using the electrolytic
solution (iii) gives wus the limiting currxent for
hypochlorite ion reduction in the presence of sodium
dichromate, i, .q(Cr), by measuring the residual current
between -0.8 and -1.2 V/SCE.

20 ITI - Examples

Example 1
Solution B is prepared by mixing, with
stirring, 5.83 g of ZrCl,, 0.01 g of RuCl,, 2.74 cm® of
TiCl; 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
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is 30 g/m2 of the plate.
The cathode thus prepared was evaluated using
5 the electrolytic solutions described above.

The hydrogen evolution study gives a cathode
potential value Eg ¢, = -1.28 V/SCE for a current density
of 2 ka/m* (20 A/dn’).

The value [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
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cathodes prepared according to the invention, is

greatly reduced or even non-existent.
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CLAIMS
1. Cathode comprising a substrate made of

titanium, nickel, tantalum, zirconium or niobium or
5 mixtures thereof, an interlayer of a mixed oxide based

on titanium and on ruthenium, and an external layer of

metal oxides comprising titanium, zirconium and
ruthenium.
2. Cathode according to Claim 1, characterized

10 in that the substrate is made of nickel or titanium or
of nickel or titanium alloys.

3. Cathode according to Claim 2, characterized
in that the substrate is made of titanium.
4, Cathode according to one of Claims 1 to 3,

15 characterized in that the 1interlayer is a mixed oxide
of titanium and of ruthenium.

5. Cathode according to one of Claims 1 to 4,
characterized in 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 ZrTiO, accompanied by RuO, and optionally by
ZrO, 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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ratio in the external layer lies between 0.25 and 9.
9. Cathode according to Claim 8, characterized
5 in that the zirconium/titanium molar ratio lies between
0.5 and 2.
10. Cathode according to one of Claims 1 to 9,
characterized in that the ruthenium in the external
layer represents between 0.1 and 10 mol% with respect
10 to the metals in the composition of this layer.
11. Cathode according to Claim 10, characterized
in that the ruthenium in the external layer represents
between 0.1 and 5 mol%.
12. Process for obtaining a cathode according to
15 one of Claims 1 to 11, comprising the following steps:
a) pretreatment of the substrate,
b).coating of the preFreated substrate, using
a solution A containing essentially titanium and

ruthenium, followed by drying and then calcining,
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ruthenium, followed by drying and calcining.

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).

7. 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.

AMENDED SHEET



