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ANODE FOR ELECTROLYSI S BACKGROUND OF THE | NVENTI ON The

production of chlorine is essentially carried out by
web@shscoBysi s of al kali chloride sol utions, i nPCTI/EP2007/060863

particul ar sodi um chl oride solutions, by neans of

three alternative technol ogi es based on di aphragm

nmercury cathode or, in the npbst advanced case,

i on- exchange nenbr ANORBEFPRIMsETROLeGISpped with

anodes consi sting of expanded or variously perforated

titani um sheets provided wth an el ectrocatal ytic

coating conpri siggCRIGROOND OFOPRENRMVENTI@NI/ or oxi des
thereof, optionally in adm xture; anodes of such kind

are for instance comrercialised by Industrie De Nora

TE B bR, B PABEEF £ PRhc RO B! RN Rophfial chiorice
solRXigaS N irt Qairedilad Bodin®réMieridd dotmiIng, il ovedtd @fdhree alternative
preferably not higher than 1% ox%g1 gen i s _generated by

technelagies, Brerghios deryiagarynerAEY CaHioge %ﬂ@#h%m%@ﬂdanced case,

k
orpBfer BRIt e BIRARRRER, TSididinfh Bhofds 85j{ltind 8f expanded
orf\:armjusb,/t epriofate¥Gitpniodu csheaits p‘komdediwghtantaecﬂnd)afuglalytlc coating
of the ior art, in order to obt,
cofigrbBi: BAtRUMa RS ok EnEiRe, PYiges <hatc, Redopgly in admixture;
anBa@b& bF BGcH Wﬁld Afeaat H@t%éérﬁfﬁer%h&cﬁb@%%ﬁ@w Nora under the
precursor sol ution subsequent deco

traﬂaernamkl DSA@aArwmmoranpeoblemrtoébbjtremdacmplaglfesnathe need of limiting
ernal treat nent ﬁ% nev rtheles
|npg

the AT ot rarenn T cRRr PR Rl d3d eBne Beedd 2 &frahly not higher

thaf 13} € bRYGeritis aendrafalr iBQOtHéV\UhaV@lGQEIeOfse@éﬁdﬂ#?treactlon of water
dependi ng on the duration and on the tenperature
T

oxiglapon eand Thamperse raﬁatj@og@%seﬁomaivm esep| &y eblarine, in particular

i RPHanEn b RE S FLRE! I BN st PRE LY T SRACHRA. Frocoraing to

tedaningsadf thg- priardaretin @rdet to obtain low oxygen contents the anodes, whose
coating is obtained by painting the titanium substrate with a noble metal precursor
solution subsequently decomposed by a thermal treatment, are then subjected to a
final thermal treatment which nevertheless entails some energy consumption
penalties, which can be estimated on average at about 50-100 kWh/ tonne of product
depending on the duration and on the temperature applied.

The same anodes are moreover employed in hydrochloric acid electrolysis, which is
acquiring a growing interest since hydrochloric acid is the typical by-product of all
major chlorine-using industrial processes: the increase in the productive capacity of
present-day plants involves the generation of remarkable quantities of acid whose
allocation on the market is significantly difficult. Hydrochloric acid electrolysis leads to
formation of chlorine which can be recycled upstream giving rise to a substantially
closed cycle, free of significant environmental impact, which is nowadays a decisive
factor to obtain the construction licenses from the competent authorities. The
problem characterising the application of noble metal-coated titanium anodes in this
context is directly associated with the strong aggressiveness of hydrochloric acid: the



10

15

20

25

30

maj or chl orine-using industrial processes: the
increase in the productive capacity of present-day
w@ba@sssBnvol ves the generation of remarkabl e PCT/EP2007/060863
quantities of acid whose aliocation on the market is
significantly difficult. Hydrochloric acid
el ectrolysis leads to formation of chlorine which can
lattes, pengicating thyouglkdhe glafeelg ofi the ek&ctrosallagtt?@nwalrigy corrodes the

e Dt et 8 s aRy R i R TR i soigvely shor

timehevigP edhs&GlierRNplbhE SAEEGoWHOA FiRg @dum@tr@éﬁsure suggested by the
authorities. The problem characterisin

Priepprti eeRsiBNDHAT ﬁmpllcanm@tsubstéaigjé éaade pé%tawramﬁﬂléglurm] alloy, which

is FéHo%ﬁe%?cﬁxﬁs g%cﬂh%reg(t) rdsi ﬁsrggls?é % %gh{stetaefo?tﬁwgngonstructlon of
aggr essi venes Foc or|c acl atter

crifiezn equinérg df%enﬂd:eltdl@ﬂtdefﬁwteﬁi tofnd h@wble result. A second remedy,
el ectrocatal ytic coating, corrodes t

CORSistiig %'W@Y'ﬂ@ that Riotetionafl tri!ﬁ 6'\9@:”4%@ sulRstrrie ddhrgigasing the
thl&{f‘%sg(gf th cgtoalr Wyﬁ|ca(t;ga¥f‘iﬁb3é’c&5‘|8r ottb'e:%%{)s%tﬂé ﬂast,%‘ﬂtlég{‘tmlts as it has

shu t counter ure ggeste
beeﬂnentp!ermd dinat, exoeﬁs'imly rtglcdaf ccmtpigeybegamabsxtremely tmirlie and are

thelslole SaPlechiT o keb Bkt dne iiiehaiderd B Pialy mécnahital nature.
Thécﬂfr‘éfe'i‘r‘é@téd?@tlcﬁf s& rféﬂbr%@ide@‘iHé mﬁoc@falﬁt@&é’cﬁg Bl b Btained as a

led to no sensible result. A second renedy,
muttmi@ltmqf wyedaidi ingivigliah dpyeihe: thedhesobtained anbdetrresentara reduced
bstr teb i_ngreasin thethlcknes of the,catal
BT 415088 Mol DATISEF | P BESORE CoF éh DRUET ielatve ifetime.
Ne@érthéleb@iﬁ HiRehedTDEBS08d ttﬂi@ttth@maﬁtag@byn ttdtinedof prolonged lifetime
coati ngs becone extrenely brittle and are therefore

ares geyriefbalancashhy RepRLiesd defme o highaiaranativg veliagas, entailing an

e|e%ﬁfd%? s'ﬁyhe eﬁ@noﬁlﬁ r%lzag{a%rf%guf% %P%ygﬁf?ob of chlorine.

prov rocata i'C coa al né
as a nmultiplicity of overlald |nd|V|duaI | ayers: the
t hus- obtalned anode presents a reduced nunber of

Sirgigrepteblemg adse s fidrall &*PF&?%&%QW%CQSWBS}G aPINSepees, in particular
eIe%ﬁ%Frﬂatt%n{ﬁg{gbf BhE&BwhDRVE HoBR! Rictal- é?aﬁ@& t@&rﬁﬂr’rpgfé%frkﬁsgs are used
vantages In terns of prolonged lifetine a
ascomygm—b%lwngeanbgﬂeaemlaem eproces&e&sr rtrfteof imvalyeerthe use of highly
congertraatteg%c\l/doc 9.1 |onser|]rt1 Z?)Iartlcuq’a By sulphuric acid, which turn out to be
aggressive for the currently employed titanium substrates. Measures such as those
recalled for the hydrochloric acid case are routinely applied with the purpose of

obtaining acceptable lifetimes.

It is one object of the present invention to provide an anode for industrial electrolytic
processes overcoming the limitations of the prior art, especially in terms of energy

consumption and chemical resistance to acidic solutions.

Under another aspect, it is one object of the present invention to provide an anode
for industrial chlorine-evolving electrolytic processes overcoming the limitations of the

prior art in terms of oxygen content in the product chlorine.
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el ectrical energy consunption increase of about 50-150
kWh/tonne of chlorine. Simlar problens arise also in
wa@bkdoslarse el ect rochem cal processes, in partiBO/EP2007/060863
el ectronetal | urgi cal ones, aherein noble netal -coated
titanium el ectrodes are used as oxygen-evol vi ng
anodes: these processes often involve the use of
Undieglal furtbenaspectat édone iotiject sbithe ipvesentiinvgrdion toupravideyan anode
sul phuri c aci d ich, turn out to be ressive for :
fory Rt Entp eiming Bedicaf braeBanes FeP kS ™hgé iafliqmetaliurgica
prétésBeds ol &emingCik! ReithGond g thedpaeh|pt ik t@fhd 6R88ration and
are routinely applied with the purpose of obtaining
operetiwpicebIveltpge.et imes. It is one object of the present
invention to provide an anode for industria
el ectrol ytic processes overcomng the limtations of
These apdi stheaobjecBspiichelnade oletebyaheffokowingydescription, which shall
consunption and chem cal resjstance to acidic ,
nok Seyintended @sdbmithigo e invayiion: whoge| extgRk ipisolly dsfined by the
i nvention to provide an anode for
ap?%ﬁﬁg{gégﬁgbhlorine-evolving el ectrol ytic processes
overcomng the limtations of the prior art in terns

e AR Bt TRINVENADNL cot of the present

i nvention to provide an anode for industrial
oxygen-evol ving el ectrolytic processes, for instance
Thel aradeoaecartingr (i thel prasect ss@ntion\canspigasga tttienium alloy substrate
limtations of the prior art. in_ ter of ration and .
orayiBid, F e Hedeliu® Fhatind antsdl Tt nohe ey Airor oxides
the?@ofTadRl flagdim Riloy heclli@ingoyer@nte sGitaié ifeNbengi Glidised during the
shall not be intended as |imting the invention whose

formatientofisaid glestrpcaialytiscepatingt Recfambdnaka congentsation of 0.01 to 5%
by %ﬁl PTI ON OF THE | NVENTI ON The anode according to

e’ present invention conprises a titanium alloy
Substrate

In one preferred embodiment, the anode of the invention comprises a substrate
consisting of a titanium alloy including one or more elements selected from the group
consisting of aluminium, niobium, chromium, manganese, molybdenum, ruthenium,
tin, tantalum, vanadium and zirconium; in another embodiment, such alloy further

comprises one or more elements selected among nickel, cobalt, iron and copper.

In one particularly preferred embodiment of the present invention, the titanium alloy
used as the anode substrate contains 0.02-0.04% by weight ruthenium, 0.01-0.02%
by weight palladium, 0.1-0.2% by weight chromium and 0.35-0.55% by weight nickel.

Independently of their final utilisation, titanium anodes with a noble-metal based
active coating are manufactured by a procedure comprising the pre-treatment of a
titanium substrate by sandblasting and/or attack in acidic solution, and the application
of an electrocatalytic coating based on platinum group metals or oxides thereof,
optionally in admixture, by thermal decomposition at 450-550°C of paints containing

suitable precursors of the final metals and/or oxides.
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provided with an el ectrocatal ytic coating based on

nobl e netal s and/or oxides thereof, said titanium
wa@bkdoep4dé7ecl udi ng el enents suitable for bei ng ORCTEBR®U7/060863

during the formation of sai4d electrocatal ytic coating,

preferably at a concentration of 0.01 to 5% by wei ght.

In one preferred enbodi nent, the anode of the

i nvention conprises a substrate consisting of a

titanium.all oy incl pdi .ong or re el enents sel ected .
The, St i, e senf e dte SRor el oTemo abReicse' Bresence is
belidiceMouhe aRBAGPBAGAE calide BPepartle Nifdthed irediictionnn the specific case

tantal um vanadi um and zirconium in another

of @pesafiarent , theupresgnceyof @Q@Si%mﬂi@eﬁ?'@i@%ra%m ethe case of
hy@#ggg@?&sﬁcﬁ;& %ﬁ@ttigﬂs %QQB%M@?EIF}%IPQ? %2%][ Iéergghglgﬁiﬂfjtoo?hlorine and of

articalarl

sulpheriprase rdolitivrenenmpioydden trnbhayi elettedrhotalluggcalaprdoeeses: these
anode substrate contains 0.02-0.04% by wei (_:{ht , o
SO'HH@'FI%r'ﬁ‘%bmcr@?m1nt°Ot.hGZ%th%P@hﬁe%Qlﬂgam%|'ﬂ egage Withptjge titanium

: ) ) , o | .
U ATE ST SoroITRa oci uPRyt Bl ittt £ ead to coating
detachdent antcoasaqbéd-atectadlyderssdit-aloinve coating are

manuf actured by a procedure conprising the
pre-treatnent of a titanium substrate by sandbl asti ng

It i demonblrael that M@ drecSRopliath ista fLiridiBnaihé e8hiifilapplication
of an electrocatal ytic coating based on platinum group

proeedares iopasidulrys thehpasiafxpesiphteiredicates thatdhitighes, is Bye thickness
thernf-:ll Ide orrfo%itfon at. 450-550 OCo]t %irt]ts i lect talvti
(or B &l i%"c@% + G QWS B PG PEESTNCPRGT FAFTRAES R s electrocatalytic
co&tiny; 0bn akkdeher Nearkp afol Y giveh RhiekeEds @ef fdcwid Toddmidh the more
of pores or cracks whose presence is believed to be an
fraptqqumq nthecaplisagen op@r%thelvwolﬂﬂé'f,etheH%gfﬁ@’dﬁcﬁhiedwmhelt pkindividual

Iayggsgr%ééliiecd 9ﬂ'?eeIo&xlf/ecrqg“?ﬁ@ﬁé’%r{'c%aéﬂfeg%ﬁs fi'fife I%ftt]er case it is apparent

Ssive acl Sol ut’1 ons, e case O
that e covdralt ititeratal dreathment owsidhs gdaffanctigrd iod ¢hé arunsbe@rcotindividual
reconversion tao chlorine and of sul phuric acid

laygpt. (0@ RS PEARRSHE N FHitRRiPNE WBEr onet al | ur gi cal

processes: these

In the case of anodes for electrolysis of acidic solutions, similarly lengthy thermal
treatments are also necessary to endow the coating with an adequate resistance to
dissolution: it is presumable that this positive effect is associated with crystallisation
processes of the coating material leading to elimination of the more vulnerable

amorphous fraction.

A similar situation is also experienced when this kind of anodes is employed in chlor-
alkali electrolysis, with the industrial users often requiring the oxygen content in
chlorine to stay below certain limits, for example less than 2% and preferably less
than 1%: such a result is in fact obtained by subjecting the anodes to a further final

thermal treatment.

The industrial experience has shown that extending the duration of treatments at
temperatures of 450 to 550°C, although allowing to achieve the above mentioned
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solutions may creep into the defects until reaching
the interface wwth the titanium substrate and start a
W@ 00080386780 process which in a short tine can | PEDEP®07/060863
coati ng detachnent and consequent el ectrol yser
shut-down. It was denonstrated that the defect
popul ation is a function of the coating application
adypardegesir entaila paetheruseveret pengtysin depes iafnglectrochemical working

i ndi cates that the higher is the thickness (Qr :
polelf TECrsG ntAlT enedr snepny 8, Bt Erage kel electical energy
cofiresticn bhup b 160 RWH/RFBIhahy icage @ hidfigle ROdGdtRNOL her

hand, for a given thickness or specific |oading, the

nore fractioned is the application - :n ot her words,
A 7 el <Ol ERES, 9 hpHoHRL ot 2ol PbbAe e osto

relataeto the sleaprpati@nicat batentibeEey s¢a(SCE hesatirated calomel reference
treatnent, which is a function of the number of
elecHadg) and| theageraen aentek ihebloriagt @ & sinciantf the gygyall thermal

treé{()rﬁ%rgtitlnﬁ‘e V(@,zgi\‘?é’r?‘% ﬁéursgﬁgt%méo?ﬁ/itﬁlaﬁ%ﬁéglfdrsérﬁor‘?rﬁe @\?%Ig{i&n in chlor-

ons, milarly ermal treatnents a
alkali secteatesis athe otbeepdmiudiiba marametgrswentaiaing ambegteattgsubstrate of

ool LS el b Rsbbel o) SRSk ALl Soniting o
noRIsASERIBATRIE nfiXsy 6%8kIdISutiRhRin atidiuAREhd Gtdrfum, RulrTiOx).
elimnation of the nore vul nerabl e anorphous fraction.

A simlar situation is al so experi enced when this kind

Table tinodes is enployed in chloral kali electrolysis,

with the industrial users often reguiring -the oxvgen
wWt+n—tnehagustrtal—dusers—ortehregth+H-n e ox !

d(é'bhtent in chiloring to s?ay bel ow rtai: Iin14ts,mfo'r S

EXANMPKE TEeSSqtdzan 296 anpggref erablyys 4 ess| than 1k%6 Sjuch
EC%S?EL@UH is i1h f act ob?g'ﬂned by st1|4ecti ng tﬂ'e1 anodes 1.25

% Og a furtiher2fainal thern@b treat mgdmd0 The i nd2Stri al <1
experiencte has shown that extending the duration of

treatnments at
Entirely similar results were obtained making use of titanium-palladium alloy as the

substrate (ASTM B 265, grade 7, palladium 0.12-0.25% by weight), whose higher
cost would even have been acceptable, at least in some applications, in exchange for

possible voltage and lifetime gains.

The inventors have surprisingly observed that it is possible to manufacture anodes
with lengthy overall thermal treatment times without experiencing a sensible
deterioration of the electrochemical working potentials when the substrate consists of
suitable titanium alloys, in contrast with the teachings of the prior art: the invention
therefore provides anodes of higher quality capable both of functioning with extended
operative lifetimes in hydrochloric acid solution electrolysis or in sulphuric acid-
containing electrolytes currently employed in electrometallurgy, and of producing
chlorine with low oxygen percentages in chlorine-caustic soda electrolysis.

In particular, very interesting results were obtained with titanium alloys containing
one or more elements of a first set consisting of aluminium, niobium, chromium,

manganese, molybdenum, ruthenium, tin, tantalum, vanadium and zirconium,
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tenperatures of 450 to 550 C, although allowing to
achi eve the above nenti onedadvantages, entails a
WO adosenc7severe penalty in terns of el ectrochenPCBEP2007/060863
wor ki ng potential decrease,6w th a correspondi ng
increase in the electrical energy consunption of up to
100 kWh/ton in the case of chlorine production. As an
optéomﬂ;yl edded switth glemeants ©F,aisecohd $ell comipnigingabickell, cobalt, iron,
are ortedth at relatlvetothe el ectrochem cal
CO%%? W a'é&f%“%%a(‘% umalioys QNCRUPIIRY OPGPETIGE @lements of

th@'s@@blﬁ@d@t beﬂ/eﬂhfés@xéﬂl%férﬁolﬁt Ff&ve‘nﬂnghﬂh@r e tr@h@mical potential
function of the overall thermal treatnent tinme (d,

defgripeatiamumarirsy ediechphe engthn haabaVewovenl toeiniesence of iridium,
rhO%YLﬂJHUE%%bIUI% Sl {a‘%hm n tﬂEeaqltog%%%foutttg%eottlé%v%nt eyen though

pro I on para ers renaml ning constant

thepadditiont ahisuth geladents angpridi agy to@séSrHyUB admntageous to prevent
el ectrocatal ytic coating consisting
certain-Kdnds ehrrrtiye attackewhioki lgke é’ﬂacr%‘t"ﬁ@'ﬂ idRfes Femaiimmersed in

¢ A &l |
aqGsive! lLtighs Butnd! Mol SR StedufS 48 KHBRA to those
skidedb st thatart.( ASTM B 265, grade 7, palladium0.1 2-0.25%

by wei ght), whose hi gher cost mould even have been
acceptable, at least in some applications, in exchange

wWiut BRF] BbEnd %% ta%gepeﬁfﬂ&lbf ﬁ%dr{fea GRis8ible Eﬁglabﬁygﬁ”o@rtﬁe positive

have surprisingly oObserved that I's possi Dbl e . .
effecis uotitheralemeotte of ihehfinsé ragpt hgs d\eeelabefqreedefmed might be given
co%%ﬁ%rltjrﬁrg?r} t'gﬂe zaglf W‘ietnggé%cggsi( Eer : fgqnnce'égﬁgtrccaﬁgsqerﬁll%lblpotentlal increase of
tltdhmmrﬁno@ﬂe% MrpEctbdao semsthy ahermeginségthened: i8W hakidely held opinion

titaniumalloys, in contrast with the teachings of 'the

thasrther patentiak gecayie weusadt e the cgr@wth & aldtaninedexider film at the

mté‘ﬁ?&eée@\@éprfeéi tﬁ'@gﬁﬁ{{i suﬁé)t ﬁeoclfurnlg;y %tlﬁgifyrﬁ%‘y%ﬂ step: since the
thesolalitreatmenhteis toaalieds bst @tr45015501®huthe0p@csbdce)bf airntitagium metal is
electrol?(tes currently gg})oedln el ectronetal | ur

sl Peeng) @@c@’ﬁ@'séﬁltﬁ‘r PrYen Hitfussw 8xpsarin %é}f@@ﬂgagﬁéwm oxide
prddﬁc%B'|Hrth@%gﬁ‘@%b&céﬂﬂé’orﬁﬂﬁ%éq%%@re becoming a site for an ohmic

drop adding up to the real electrochemical potential during operation: such ohmic
drop is of modest extent, so that its impact on the electrochemical potential remains
negligible until the titanium oxide film is thin enough. The latter is true only if the
overall thermal treatment duration does not exceed certain values, which is the
contrast with the need of producing anodes characterised by satisfactory operative
lifetime in aggressive environments (reduced number of individual layers with still

significant residual defects) or by low oxygen percentages in chlor-alkali applications.

The elements of the first set as hereinbefore defined are firstly characterised by
being easily oxidised in the process conditions typical of electrocatalytic coating
application, particularly as regards temperature and presence of air: it can be thus
supposed that these elements act as dopants of titanium oxide, which acquires
thereby a far higher electrical conductivity than the corresponding oxide which grows
on unalloyed titanium. A second aspect might be given by the capability of forming
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In particular, very interesting results were obtained
with titaniumalloys containing one or nore el enents
woboos/oié7sst set consisting of alum nium ni obi POT/EP2007/060863
chrom um manganese, nol ybdenum ruthenium tin,
tantal um vanadi um and zirconiumoptionally added with
el ements of a second set conprising nickel, cobalt,
solid eolutloo@wrleasit atae lavseorfeentrationaiof useatvipicallylin dige range 0.01-
cont.ai nin e e el enent e_second set
Vop;bgyé(belgrétsstﬂgf gploc?1 eeﬁ’uqqp Iy\gw\eéﬂlpl ﬂbetzﬂlgyeg elements are uniformly
dispersed WelIErE o) theadaené bﬂa‘m@kﬂ&% dpRESOIh é@ﬁhﬁfar!yhﬁnform manner in
effect of a |l engthy heating. Mreover, the Pr esence of
the rsugiediigialr itamiumm opiglel aageh H/gowing i luwith nthen same ojbove seen
cheljfé %8%”011 oel%&rlbélr %ﬁ&@&wt(\l/e%%ntgp hméggsf%%'niérﬂnof alloyed
such™el e ase resul vant ageous

elenterits Ve lelaraentsi of thermonﬁ semraleeloxmledblemlnmammg formation,
t ake pl ace when anodes remain i nmersed in aggressive
are @IeM?FBﬁ@Sﬁ UFIONG &P Y9 disges By 9sRaral d@v@?ﬂfﬁ% upBagsesdn form of

%‘T‘%B&HIC‘& tdhéb?é &1y Lﬁlﬂ 'trﬁbtr'ﬂ%taﬁrlﬁk X ¢ bﬁ%u%? Mtalised in

any partlcu ar theory, a poss e exp ana Ion
cottregp@uisincevel did en:ystabgraihebcﬁ‘derﬂenaS aofposhibld icoasegwtnce of this

cisPRpUfLEHe dirEufigh sk GHEPiG 0P o GRRERER INoKe the tianium

oqu@t RNhls8! hkél'WtSal?r@ |ﬁﬁor?1b%;éﬁ‘ééur§ apeees Iéé@lp‘?éﬁcﬁﬂwdee effect on the
' engt hy thermal treatnen is a wdely

elegpiaal condurciivityhe potential decay is caused by the
gromh of a titaniumoxide filmat the interface
bet ween coating and substrate during the coating

Sohfy aﬁbingfthétrﬁ@re Sightieatthestne bBeinéd BFttABNMvdrioradrel ésented in
out at 450-550 C Iin the presence of air, titanium

theriallgwing examples. whisheshall met de mtee@e%;a%kmﬁé\g the scope of the
mvgh {)HS| ng across the coating. Titani um oxi de produced
his way is scarcely conductive, therefore becon ng
a site for an ohmc drop adding up to the real
el ect rochem cal potential during operation: such ohmc
EXéWUf) Fd of nodest extent, so that its i npact on the
el ectrochem cal potenti aI remai ns

Some anodes directed to chlorine evolution by hydrochloric acid electrolysis were
prepared by adopting the following procedure:

a. acquisition of the following titanium alloys as 1 mm thick sheets (content of
additional elements as weight percentage):

= Alloy 1: titanium - ruthenium (0.08/0.14%)

= Alloy 2: titanium - aluminium (1.0/2.0%)

»= Alloy 3: titanium - tantalum (5%)

= Alloy 4: titanium - aluminium (2.5/3.5%) - vanadium (2.0/3.0%)

» Alloy 5: titanium - molybdenum (0.2/0.4%) - nickel (0.6/0.9%)

» Alloy 6: titanium - chromium (0.1/0.2%) - nickel (0.35/0.55%) - ruthenium
(0.02/0.04%) - palladium (0.01/0.02%)

= Alloy 7: titanium - palladium (0.12/0.25%) (reference prior art)

»= Alloy 8: titanium - iron (0.5%)
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negligible until the titaniumoxide filmis thin
enough. The latter is true only if the overall thernal
wo cesmeet durati on does not exceed certain vaPOEEP2007/060863
which is the contrast with ¢ he need of producing
anodes characterised by satisfactory operative
lifetime in aggressive environnents (reduced nunber of
* | Aoy Pdpate titapiens grdden ecconding ipnASTRBt265s¢feérenice prior art)
defects) or by | ow oxygen percentages in chlor-alkal
applications. The elenents of the first set as
b. NRI@ ctlinh AT ehélpfeviass sticets in S§liarePIated & & dri ety
bei ng easily oxidised in the process conditions
typi cal of electrocatal ytic coating application,
t r r f -
o. el &1 Bhel 8 e FEREI bl BB G EeG by cegreasing
amadoyhotisiont atid ewhimgy oxi de, which acquires thereby a
far higher electrical conductivity than the
correspondi ng oxi de which grows on unalloyed titani um
d. éﬁnﬁﬁg@o@gﬁ% l%ﬁé&ﬂag@& &aﬁyggsg %éﬁm%p@%shhé of%uthenium and
diaruemt maxed oxidel coseriseq wf cahuytiplicity bef indivepkieD. I@ﬁers each layer
%. b [ the solid soluti.ons erein the al
Heun e Bpe b e Serpiealat b B eBrs FRnCERRtaining the
RIS of Théj'tﬁ@%éﬁalé Rt % &Y-HOORE |drig! 1@ iR Sbr iaMtotal of 25
the superficial titani um oxide phase, “endowing it wth
tlayers Dorresponding de @naha@ralt tushenitimcloadingedfextt mgeal
conductivity even at a nodest content of all oyed
el ements. The el enents of the second set, also
oxidisable during coating formation, are nevertheless
known to give rise in general to segregated phases in

Thedhuserctiveledapatesi siksthe apdiierofva fuithert platerisieatified as alloy 98B
ang?)tr§ﬂée5‘Wth' 4 CBQE Q\Hﬂg Ahel QAL 08 osﬂloﬁoz%rfoeﬁ)%%ﬂ%erb%‘? obtained by

e’crystal ers

applmmleq@rmw o8 |rhdnt/|sludl Lagemt ﬁoﬂdwed b3}4 sfinalbthermal toeatenent of 4 hour
m croscopic scale, th presence inside the titani um

oveFal fRirAiom 08cH Pl WBeyAIo. WETS AREFAIBRA GLSUTRT JENSRID.5 A in
eleREBRRIEAR R FRh 199 bYSwEbAE hjdrcRhidFRSEE Bt WOPE: A perfluorinated

Nafion 324 ion-exchange membrane commercialised by DuPont/USA subdivided the
cells into two compartments, anodic and cathodic, respectively containing the plates
under test and zirconium cathodes of the same size. During electrolysis the
electrochemical potentials Ecipsce (V, reference: saturated calomel) of the plates
working as chlorine-evolving anodes were measured, and periodic tests of coating
adhesion were carried out: the relevant data are collected in Tables 2a and 2b.
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were prepared by adopting the foll ow ng procedure:
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EXAMPLE 1 Sonme anodes directed to

a .

ah

QII

Tab@}

nt age) :

CCLQ (N4 A

All oy 1:
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Table 2b

alloys 7 and 9

alloy 8

alloy 9B

Eciz;sce
(init.)

1.200-1.210

1.15

1.190

Eciz;sce
(1000 hours)

1.220-1.225

1.180

Eciz;sce
(2000 hours)

1.240-1.250

1.235

adhesion test

positive

local detachments

negative

The data of Tables 2a and 2b show that the use of titanium alloys containing,
according to the invention, elements of the first set, first of all allows meeting the
target of operating at low electrochemical potentials with an electrical energy saving
around 50-100 kWh/tonne of chlorine, even though a manufacturing procedure
comprising the deposition of a high number of individual layers is followed in order to
obtain coatings virtually free of through defects. Such a result of high industrial
relevance furthermore goes along with a remarkable stability of the coating, which is

not affected by significant detachments from the substrate.
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bei ng obtai ned by thermal deconposition of an aqueous

pai nt containing the chlorides of the two netal s at
wd3@sA20sHC during 10 minutes, for a total of P&SI/ER3OT/660863

corresponding to an overal ltorut heni um | oadi ng of 50

ng. The thus-activated plates, with the addition of a

further plate identified as alloy 9B and provided with

a coating with the sane conposition and | oadi ng, but

o e e anfe 2 15 2b b TEag i b gl g B sBoond set s
hefifbetore @efiféd,OproRted 91Ae>/y@r% Bidsent irYV%ngNﬁd%'t anesLiras, are per se
current density of 0.5 A/A/m2 i1n electrolysis cells fed

capatle of guarANtasingHMPRYVRGEIREEPEReraisalipatentes@Vves the prior art, albeit
o REGELBACLT o5 HSL e USSR ADR, i sptoee oy

8).two conpartnents, anodic and cathodic, respectively
contai ning the plates under test and zirconium
cat hodes of the sane size. During electrolysis the

Fin%'ll?,ctthre g %'blﬁ?§?ﬁbaibsinﬁga?e %tﬁyﬁe%ﬁ%%&%f the anodes in
saturated cal one of the plates working as
acodrdance g+tbvib e vinvent@nquiese ey elynsgeeuioe s ithaned peetrto dutitic those of the

anpdFs faerSescortisaepesdemp apbd asletive BEivisial lavers (see
a||<§&ﬂ|§B, ool 3P & d2thoBB bidhsdeWvith batifgs eRsigling idf #AMMndividual

al  oys containing, according to the invention,™ o
layersrapliedofo tpief titaniurgeor i titaniwn allbysal domiainimgeiongpxidisable

the target of operatin t laow.electrochem,cal
eleBun L es b ROEHT Lnedto R AL AUPE 80T ar ound
50-100 kWh/tonne of chlorine, even though a
manuf act uri ng procedure conprising the deposition of a
EXANRLREEber of individual layers is followed in order
to obtain coatings virtually free of through defects.
Such a result of high industrial relevance furthernore
Sogeeanadeyor lddtrolysicobsddibmectddradie boluyions wiehe pee@dred dy adopting
which is not affected by significant detachnments from
the IHOWfgsRTOSEEUrESe data in Tabl es 2a and 2b demonstrate
that the elenents of the second set as hereinbefore
defined, provided they are present in significant
a. aauiditton af éhpefollewing titanium alloys as 1 mm thick sheets (content of

additional elements as weight percentage):

= Alloy 2: titanium - aluminium (1.0/2.0%)

» Alloy 5: titanium - molybdenum (0.2/0.4%) - nickel (0.6/0.9%)

= Alloy 6: titanium - chromium (0.1/0.2%) - nickel (0.35/0.55%) - ruthenium
(0.02/0.04%) - palladium (0.01/0.02%)

= Alloy 9: pure titanium grade 1 according to ASTM B 265 (reference prior art)

b. cold cutting of the previous sheets in square plates of 5 cm side

c. pre-treatment of one side of each plate by sandblasting followed by degreasing
and hydrochloric acid etching

d. application on the pre-treated side of a coating consisting of ruthenium, iridium
and titanium mixed oxide comprised of a multiplicity of individual layers, each
layer being obtained by thermal decomposition of an aqueous paint containing the
chlorides of the three metals at 490-500°C during 10 minutes, for a total of 11
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capabl e of guaranteeing inproved el ectrochem cal

potentials over the prior art, albeit of |esser extent
wo bas/oadrese obt ai nable with all oying el enents PET/EP®07/060863

first set (see alloy 8). Fimnally, the data in Tables

2a and 2b indicate that the performances of the anodes

i n accordance with the invention prove |argely

daysrsi eorregpomdings peen overadt tutherogr of iridhen doadieg of 55 mg. The

C rsn e.of few but def ctive

RS B s 3R 18 ey MEtinat el 1% A o) of 1 o 4

Houpgodes wi th coatings consisting of many individual

| ayers applied to pure titaniumor to titanium alloys

cont ai ni ng non-oxi di sabl e eI emsnts such as pal | adi um

S a I r ﬁéﬁ[\/P S 2
Thé\no é#t%tegq ?’?tregl 5@% 8 | uéE}n t@%ﬂ"%r. e dseg]sﬁt | §ﬂ§0 4 A/m? in
electOR/siy ephs eat 9@°@d¢pb9h@drh©técblmaf\mm@82r imedx&mgeamembrane

acquisition of the followng titanium alloys as

CO’?‘W%’K'aﬂﬁ%W ReReRtEPAsULIAded iarels B AVe CRsRR "@ﬁ"t‘ts anodic
an&%;ag‘?d&%’,%% hoe;blgf’éé %n?%ﬁltgeﬁﬁnﬁﬁ&mﬁkegé%tﬁhrané%%‘fgr)eés%%e dimensions

insitallekethef@n6/The98§o caimpaytnéentstrespectively cohtaomediim sodium chloride
.1/0.2% - nickel a2/ 0,55 r.ut heni u
So'ggoﬂﬁtoa&@)ace”trﬁéﬂpﬂaéﬁogég(@/' 3)9('5&9'6 ang| @o% bypyypight sodium
hydrokifdl s8lugrde 1 according to ASTM B 265 (reference
prlor art) b. cold cutting of the previous sheets in
square plates of 5 cmside ¢ . pre- treatrrent of one

DU&'Q@?%'?Q rﬁlgggn%%ggqu%ﬁﬁ%ﬁggl asc%t'aﬂtgqlg%%@s% Yreference: saturated
calomel) of the plates working as chlorine-evolving anodes and the oxygen content in

product chlorine were measured: the relevant data are collected in Table 3.

Table 3
oxygen in chlorine (mol %) Eciz,sce

alloy 2, d = 0 hours 24 1.08
alloy 2, d = 2 hours 1.6 1.10
alloy 2, d = 4 hours 1.1 1.10
alloy 5, d = 0 hours 2.3 1.09
alloy 5, d = 2 hours 1.7 1.08
alloy 5, d = 4 hours 1.0 1.09
alloy 6, d = 0 hours 2.3 1.07
alloy 6, d = 2 hours 1.6 1.08
alloy 6, d = 4 hours 0.9 1.08
alloy 9, d = 0 hours 24 1.08
alloy 9, d = 2 hours 1.5 1.16
alloy 9, d = 4 hours 0.8 1.25

The data in Table 3 show that in the case of anodes according to the invention
comprising a suitable titanium alloy as the substrate it is possible to carry out a final
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d . application on the pre-treated side of a coating

consisting of ruthenium iridiumand titanium m xed
wozedescenpri sed of a nultiplicity of individurdT/EP2007/060863

| ayers, each | ayer being ohtai ned by thernal

deconposition of an aqueous paint containing the

chlorides of the three netals at 490-500 C during 10
tharinalitieemtmeot i orderato diminidhairee oxggen eoptardiingchloring to levels of

co P8 B ok WA a5 e g By taking pice.
Suth eatdERntis nbe pursudBlaivitAnhé @hodbs hckrdind @/ ftfe prit¥eart wherein the
t hus-activated plates were operated at a current

titagpésvs i SupsBte . leqvoithe ralloying eleiments ineagoordanagowith the invention,

r rj f.Lon i - r .
forft! o b BLEA < B b8P VSRR 0 TR R Bfcton, of the thermal
trebimvetotp wHicte th s ,anadedisc saidcizat (sad alloywidh thidgyrowit @$ the non-

under test and ni ckel cathodes of the sane di nensions

congidtive|Qdde rBIaEE AN GMEOYSWORRSHYRG PHER 3nedis pexking gafential, which
t . L oni om At a
o R e S RO KA ENEL 206 by vl g
sodi um hydroxi de solution. During electrolysis the
llect rochem cal potentials ECI 2, SCE (V, reference:
EX?@&%#% ed cal onel) of the plates working as
chl ori ne-evol vi ng anodes and t he oxygen content in
product chlorine were neasured: the rel evant data are
Twogbaiescoletl mm tiigh| sgudre pieties ohLcm isidealsibéaiced tyvealthautting of alloy

in the se of,.anodes accordi t.o,the i nvention
6 arbl AT s 2y AP EE R et s BIOE. e subet rat e
it is possible to carry out a finalthermal treatnent
in order to dimnish the oxygen content in chlorine to
| Blestreptraentppleorei side safr ea¢h piateshadervyn sandbtastingnip order to

7 o BB, AT Rl BEBh o, MRl BTued oY Srgreasing and

t hehpdroehlcgictacihetoring t he titani um substrate, free of
the al |l oying el ements in accordance wt
q%l

ithy @RPHGHONT tgy Hhe Rrergisateshaider ol a6k rai@the %ieacﬁoavraﬁvsconsisting of

thi clRimYUndith RBnPRMEREEH8 RoRiprisBE diehTRblicity of individual layers,
each layer being obtained by thermal decomposition of an aqueous paint
containing the chlorides of the two metals at 490-500°C during 10 minutes, for
a total of 16 layers corresponding to an overall iridium loading of 32 mg.

The plates were installed in undivided cells containing a 10% by weight sulphuric
acid solution at 60° and zirconium cathodes of the same size. The plates were
operated as anodes for oxygen evolution at a current density of 2 A/cm? in order to
simulate substantially more severe operating conditions than those typical of
electrometallurgical processes such as fast zinc electroplating of steel sheets or
copper-foil deposition of controlled thickness.

During operation the electrochemical potentials of the plates were detected: the
measured values were 1.35 V/SCE and 1.55 V/SCE respectively for the anodes
according to the invention consisting of the catalytic coating applied to alloy 6 and for
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treatnment to which the anode is subjected (see all oy

9): the growth of the nonconductive oxide entails an
WO bssowssynwor seni ng of the anodi ¢ wor ki ng pot enPCBEP2007/060863

whi ch can be quantified asiabout 100 kWh/tonne of

chlorine. EXAMPLE 3 Two pairs of 1 mmthick square

plates of 2 cmside, obtained by cold cutting of all oy
thesanodesln ag;ccgdeme whithathe)pridhieast whaeeis the m@rbca@alytic coating was

f ol a . .pr at ment of .on each
anpp, B Tan 4B 4R i Olrikon P o SE 1AL SERMIRY bSunat seen i
exébeeaGIefdrOM@i"rﬂéﬁlérléﬁﬁ @ssoltitin @Wo%@%é@ﬂﬁ'ﬂh@ 88k of anodes

hydrochlori'c acid etching b. application to the

suiatde ttp g eperaiter: Irbel@ér@mqtalmrglcaf PEPGESEES iy CoBiRstt stifhngggressive

sulﬁhijticlg :a%;!% Q”Q bRt d‘q?f?n}ggﬁcéo‘?ﬁp SOG};H)PE é:rﬂu@ié;iﬁa/ of individual
layebs @aneioe wﬂvbhwgmUsh}eammsiatllang)fto aflindnateoos apagadt reduce to

containing the chlorides of the two netals at 490-500
margifgt |'$1\§?'%c§h% Rige@ace fabrdefeetst whicht might| hgrapsr the lifetime without

of 32 ny.
SRR S Al godlamct oy,
contai ning a 10% by wei ght sul phuric acid sol ution at
60 and zirconi ym cath des f the s size,. The plate
The BV e SRSaPED 35 SRL S RBRea I dERT B Pt aier sy be used
ac&stalrNto Qﬁf%?éﬂtyer%oamﬂ%rﬁ%ltﬁbu@ro‘é%rﬂr@; bt §copes thereof, and
substantially nore severe operating conditions tha
whohle extanjis gaivoodllyedefitteddrethe! amnayld@dlclairr@cesses such
as fast zinc electroplating of steel sheets or
copper-foil deposition of controlled thickness. During
TheRgihaut te désoription tanechigimsal thegreséntadppliehtidreh®ehe Scomprise”
were detected: the neasured val ues were 1.35 V/ SCE and
and . \sBiNipBERNEERN) eBtdhy 85 y COBYPriSHY" aaistiegomprises” are not intended to

exclude the presence of other elements or additives.
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according to the invention consisting of the catalytic

coating applied to alloy 6 and forthe anodes in
wac@sidaece With the prior art wherein the PCT/EP2007/060863

el ectrocatal ytic coating was applied to titaniumfree

of alloying elenents (alloy 9). Thus, simlarly to

what seen in exanple 1 for hydrochloric acid solution

el ectrolysis, also in the ddsfM8$ anodes suitable to

be operated in electronetallurgical processes in

contact with aggressive sul phuric sol utions,
1. el eciAreridt byt électtOcidmigal GsroBessRd cImEriditg t hPhidthlli¥ substrate

of individual |ayers can be advantageously appli ed,
prayideshivi) 86 elertiperiakytiorcaatingeettaingig atingmargimanetals and/or
oxgBY ClhRrd iR RRERGCa O ARIERY Sor iy RISy e BB inkd by thermal

y I Acurring’an

deedrapbsitioh@fisohible pteirsars, frenmletallic Shisstrate\bedip made of a titanium

description is not intended to limt the invention,
allgyhicentaripg @t \@set crecolemany dddisablecineihte eapdliene A said thermal

| t.departing fromthe scopes thereof, and whose

deé@?gﬁﬁh?g'univocally defined by the appended cl ai ms.

Thr oughout the description and clainms of the present

2. Thor d5¢ ifte GL8aE oheriR ok el Fltonls paptaly dispersed

insidd @ndemhil 6x8kUdset hfteRsRERNBBIVAEerPHREMmBIAIERLBsIPite and the
addi tives. CLAIM5 1. Anode for el ectrochem cal

elegstroceteddic aoaitipgi sing a netal lic substrate provided
With an el ectrocatal ytic coating containing platinum
group nmetals and/or oxides thereof forned by a

3. mul t implel ghdde of ciandi viod uBlwHepdiarsai@ kit deag toridy okideyatkd element is
decon‘g_om tion of soluble precursors, the netallic

seleglost frafme apish getrsaBsisting of jaluminismanieljube PhEIMIURY E@Nganese,

o ERRT uBTRE, P Skl Srldbiord R e =21 ¢

wherein said oxidisable elenent is partially dispersed
inside a titanium oxjde |ayer .interposed betwee

n the
4. et allinecaredss OF stadma avhigsgin said titanium alloy of said metallic substrate
further comprises at least one element selected from a second set consisting of

nickel, cobalt, iron and copper.

5. The anode of any one of the previous claims wherein said at least one
oxidisable element is present at a concentration of 0.01 to 5% by weight.

6. The anode of any one of the previous claims wherein said titanium alloy
includes 0.02-0.04% by weight ruthenium, 0.01-0.02% by weight palladium, 0.1-0.2%
by weight chromium and 0.35-0.55% by weight nickel.

7. The anode of any one of the previous claims wherein said individual layers
making up said catalytic coating are obtained by successive thermal decomposition
steps of overall duration higher than 1 hour.
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el ectrocatal ytic coating. 3 . The anode of claim1 or

2 wherein said at | east one oxidisable elenent is
waedlsoieds froma first set consisting of al um PCT/EP2007/060863

ni obi um chrom um manganege, nol ybdenum rut heni um

tin, tantalum vanadiumand zirconium 4 . The anode

of claim3 wherein said titaniumalloy of said

netallic substrate further conprises at |east one

8. 1 okaine 208ER: O B ah W Beter S8 SRR Gpating s furtner
su@j@@te@ftotdﬂﬁmﬁﬁyﬂnw&r@tmbﬁﬁ wherein said at |east one

oxi di sabl e el enent is present at a concentration of
0.01 to 5@6by wei ght . . The anode of any one of the

previ [ ' I '
9. & 0z R R SRl 'Péé‘r??uﬁrﬁ'ﬁ@%ﬁfb‘.p%bdﬁt% 4 Egdg Ry any one of
thepadeviadisuoiain®®. 1 - 0. 2% by wei ght chrom um and 0. 35-0. 55%
by wei ght nickel. 7 . The anode of any one of the
previous clainms wherein said individual Iayers maki ng
up s I t :
10 7 e GaR8 oBl of RS 1 136 B1<RB0R STFor Y GiERRAR, ki polution.
than 1 hour.8 . The anode of claim?7 mhereln said

151 nalJsiar i colog SEFard o hiofhe sl spes eqroRysi process

characteri sed by being equi pped with an anode of any

one of the previous clainms. 10 . Use of the cell of
12cl ai s dbthe eell efecdaim Oy fdrsarpfelectiopuetelirgmal preegss with oxygen

solution. 11. Use .of the eII of claim9 in a
a”%‘ﬁF&r"Pﬁ’é‘-"E‘alﬂ?ﬂ acc@lg&gecéro&ﬁ ol ysis process. 12 . Use

of the cell of claim9 for an el ectronetal |l urgica

process wth oxygen anodic evolution in an acidic

el ectrol yte.



