COATED METAL ELECTRODES FOR ELECTROLYSI S AND PROCESS FOR PRODUCTI ON THEREOF
The present invention relates to electrodes for electrolysis (hereinafter
referred to as "electrolytic 5 el ectrodes”) -and to a process f(g%g”@
production of the same. More particularly, the present inventi-on relates4e«
ele olytic electrodes -having high durahikity, i.e., a long service
Iifggiyhen used in el ectrochem cal processes, e.g., an aqueous solution in
whi chMt he generation of 10 -oxygen at the anode is involved, and a
process for the production of the same. Heretofore, electrolytic

el ectrodes conprising a su o , ¢ anium (Ti),

have been used as superi or‘@h%ﬁcgfh %ngﬂ? %ﬁ%gcﬂa&ﬁ g field. 15 of

el ectrochem stry. In par‘W%Lﬁ ; %eq‘l % DS{ Z"?] ed as anodes for
the generation of chlorine in the salt (sodiumchloride) electrolytic
industry. .In addition to Ti, tantalum (Ta), niobium (Nb), zirconiumgZr),
haf ni um (Hf ), vanadi um (V), nol ybdenum (M), tungsten (W, etc. 20 are
known as val ve netals. These netal electrodes are produced by coating
metallic titaniumw th rael gteRirctivedetiodl kglacksvao elextrades afices
such as pl.ati numgroup netals and their oxides. Exanples of such platinum
group netal s aidcthoilysdsi ddbeaedndfseri bedferned etg., asU. Selechrehytios.

3,632,498 and . _
S electrodes™) and to a process for the production of the

same. More particularly, tﬁe presént invention relates to

- electrolytic electrodes -having high durability, i.e., a
long service 1ife, when used in electrochemical processes, '(

e.g., an aqueous solution in which the generation of

10 oxygen at the anbde 1s involved, and a process for the

production of the same.

e -— e

Heretofore, eleétrolytic electrodes comprising a
subsﬁrate of valve metal’, e.g., titanium (Ti), have been’
used as superior insoluble metal electrodes .in the field

15 = of electrochemistry.. In-particular,-they have been widely
- used as anodes for the génerétion of chlorine in the salt
{sodium chloride) electrolytic industry. In addition to
Ti, tantalum (Ta), niobium (Nb), zirconium (Zr), hafnium
(Bf) , wvanadium (V), molybdenum (Mo), tungsten (W), etc.

20 are known as valve metals.
These'metal electrodes are produced by coating

metallic titanium with various electrochemically active



3,711,385, . dhese electrodes can maintain a |ow chlorine 5 overvol t age
aver -a long period of time as electrodes for. the generation of chlorine.
However, Wwhen the above netal el ectrodes are used as anodes in €lectrolysis
for hﬁf generatlon of -6xygen or electrolysis in which the generation of

oxygen 10 is involvéd, the anode overvgol bage gradually increases. In
extrene cases, the anode is passivated and thus it becones inpossi

fo continue the el ectrol ysis. The phenonenon of passivation of the anode
believed to be caused mainly by the formation of 15electrically
‘non-conductive titaniumoxides that result from (1) the oxidation of the

titani um base fEi¥didedV ddtipageglatinum drwp m‘étea‘lscmai their oxides.
coating-constituting oxi de substance itself; (2) oxyge

di f f usi on- per MExdmpies ho6ughudhepba birwndgross: i PRta kT 689’ tihe i e‘ei‘%%??t e.
20 < Formation of such electricall non ti n
the inte# )dace e wdescridedastn natsed -al Hnﬁ tr%a‘é?rét'ct §d§¥9 3)% %%é

t he el ectrode coa 0 pe of f. tes S

breakdown of tHhe’ %ieﬁh%nd pgSe electcd rod%%ﬁg%% ap?%%eggégrl?e

which the anode ugt o] &aeer aped
at the andde agv%f%?%ﬁﬁgeacgggn% 1&%4?%@&753 6F2@?3§|3§?E§E§?ﬁ5 a sulfuric

acid bath, a nifLigeAchshhoh los ahmidald. [ERR

However, wheh the above metal electrodes are
used as anodes in electrolysis for the 'generation of
oxygen or electrolysis in which the generation of oxygen

10 is involved, the anode overvoltage gradually increases.
In extreme cases, the anode is passivated and thus it
becoﬁes impossiblé to continue the electrolysis. .

The phenomenon of passivation of the anode is

beiieved to be caused mainly by the formation of
15 electrically non-conductive titanium oxides that result
from (1) the éxidation.of the titanium base material with
oxygen by the electrode coating-constituting oxide
substance itself; (2) oxygen diffusion-permeating through

the electrode coating; or (3) the electrolyte.
20 Formation of such electrically non-conductive
| oxides in the interface between the base material and the
electrode coating causes the electrode coating to peel
off. This creates problems such as a breakdown of the

electrode.

25 | Electrochemical processes in which the anode



or the like; (2) electrolytic separation of chromum (Cr), 5 <caopper (Cu),
zinc (¢Zn), or the like; (3) various types of electroplating; (4) ' .
el eetrolysis of dilute salt water, sea water,  hydrochloric aci d, or
the. .like; - and (5) electrolysis for the production of chlorate, and so
for@” .These processes are all industriakly inportant. However, 10 "the
abol¥- descri bed pr obl ens have hi nder ed netal el ectrodes from bei ng:
used in these processes. US. Patent No. 3,775,284 discloses a technique to
over conme passivation of the electrode due to perneation of oxygen. In
this technique, a barrier -layer of a 15 ‘platinum (Pt)-iridium(lr)

al l oy, or ofpraxducti dks obxggkal,t rCoyhepanganesm (18) .gdmadkddd) at Paljeadi um
(Pd), and Pt is provided between the electrically-conductive substrate and
the el ectrod®°o88atdshd Fhiesupachiors fiocAudg:t HA)i relectedilysd sbarsiey 20

| ayer prevent the diffusi on-ger meation of oxygen during electrolysis to
some extent @ SHWRHRIS acidRathypdt Bddedcaracidhikath ocarmiadkaly bﬂ.e‘smy
active and tQ«g‘reere,. ( act. with the elect r,ol%toFeﬁr assi ng t fwough

the el ectr88e ESathHs _ hiesl?ﬁm?cels_é?ﬁafr(ﬁ%hq _ WUt §r¥gas,
fise 15 adaPREEndled ot aiteno R ik NS Elee PVE) Oaleur o vaet K
el ectrode ceaktRdoplatiRgilRd) electrolydi¥s b2 RIIHLealsaAMd QT Cea
i nfl uences of the electrode coating : _ .
water, hydpochloric acid, or: the 1like; and (5)
| electrolysis for the production of chlorate, and.so forth.
These processes are all industrially importanf. However, -
10 ‘the above-described  problems have hindered metal ~
electrodes from being uséd in these processes.
U.S. Patent Na. 3,775,284 discloses a techniqué
to overcome passivation of the electrode due to permeation
of oxygen. In this technique, a barrier layer of a
15 Platinum (Pt)-iridium (Ir) alloy, or of an oxide of cobalt
(Co), manganese (Mn{, lead (Pb), palladium (Pd), and Pt is
provided between the electfically-conductive substrate and
the electrode coating.
. The substancés forming the intermediate barrier
20 layer prevent the diffusion-permeation of oxygen during
electrolysis to some extent. However, - these substances
are electrochemically very acfive and therefore,. react
with the electrolyte passing through the electrode

coating:. This produces electrolytic products, e.g., gas,

25 ©On the surface of the intermediate barrier layer which



peeling off before the Ilife of the substance of the 5 electrode
coating is over. Another problemis that the corrosion-resistance of the

resultl g el-ectrodes is poor. Thus, the nethod disclosed in U S. Pat ent
75,284 fails to produce electrolytlc el ectrodes whi ch have high £
durablllty 10 Japanese Patent Application (OPl) No.

40381/76 (the term "OPI" wused herein -réfers to a Publ i shed !
Unexam ned Patent Application) discloses an internediate coating |ayer
conprising tin oxide doped with antinmony oxide for coating the anode.
However, the anode used is 15 an anode intended for the generation

of chlorine, ﬁ@qg&penc antgle%%éggl géfVIq%1|ca5h an bg&ergthﬁ gfcogﬁéng

form ng substa s¢1*6€ed*Pn Bove I'on does no th

generation of oumor. S REke1dberchel TdoRbing! 36! a3pm13Rce! ect rde 29

I n mhlch A<l ayer of an oxide of, e.g., Ti, and a |ayer of a platinumgroup

-met al % oXigleyd fereofndr ehénit ARt FEncont o dhet heletetidedeoat ing
Fbwever this electrode has the problemthat when it is used in

el egtr ol yst's i rpemlirtg t £ fgevefareontbé okyfen 9% itheol vatbstpacei vafi ovhe
occurs. -~ -5- The present invention provides the ability to overcone the
above- desc5i becelpoinadss. capiiagkpdd fiq%ay.y aQFO’thﬂrecRrDbdfem tige thatedBat

i nvention is rovide el ectrolytic el ectrodes whi re especi al
suitabl e for corré)lon reslstanceyof e resu éing éieé%rodeé)fé pog¥.

Tnus,'the me thod disclosed in U.S. Patent No. 3,775,284
fails to produce electrolytic electrodes which'have high

durability. '
10 Japanese Patent Appligatidn (OPI) No. 40381/76
(the term "OPI" wused herein fefers to a -Publiéhed
. Unexamined Patent Application ) discloses an intermediate
coating layer comprising tin oxide déped wiﬁh antimony
oxide for coating the andde. Howevef,'the-anéde used is
15 an .,anode intended for the generation of chlorine, and
" hence an electrode provided with an intermedi#te coating
forming substance.disclosed in the. above publicatién does

not show the generation of oxygen.

\r . . U.S. Patent No. 3,773,555 discloses an electrode
20 in which a layer of an oxide of, e.g., Ti, and a layer of
a platinum group metal or an oxide thereof are laminated
and coated on the electrode. However, this electrode has
the problem that when it is used in electrolysis in whicﬁ

the generation of oxygen is involved, passivation occurs.



L IO,

5 use in electrolysis in which the generation of oxygen is involveéd,
i.'e., which resist passivation and have high durability. Another obJect of.
the/present invention is to provide a process for producing such
electrolytlc 10 electrodes. According to the invention we provide: (1) an
Dl.ytic el ectrode conprising (a) an el ectrode substrate of an
'cal | y- conductive netal; 15 -5 - (b) an el ectrode coating of
: ‘ct rode active substance; and (c) an internediate |ayer provided
between the el ectrode substrate (a) and the el ectrode coating (b), wherein
the internmedi ate | ayer (c) conprises a mxed oxide 20."of (i) an oxide of
at least one nenber selected from titani um
(Ti) and tin (Sn), each having a val ence nunber of 4 in an amount of 60 to

195% by wei ght based ofind h%ﬂ%‘e@ﬁ:t QEVQRE%n Sﬂ%v%.%es the ability tbl!) an

oxide of at |east one selecte
al umi num- (é&ércqméltué1abGﬁé-deSéﬁﬂbe&Fﬁiobl€ﬁ§a|tMoEGDB eclicgkah i ﬁN‘)
and thallium (Ti), each having a val ence nunber of in an a nt of

5to 40@6byameighﬁebase@ﬁm1tme wpregsénvf Anvemtiah; and to . provifle
electrolytic electrodes which are especiaily suitable for

5 use'in électrolysis in whicﬁ the generation. of oxygen is
involved, i.e., which resist passivation and have high
durability. ' S - . )

Another object of the presént invention is to

| v/
- provide a process for producing such electrolytic

10 .electrodes.

‘ﬁéébfdihg-to the invention we provide;
(I) an e}agtrolytig electrode comprising
-(é) an electrode substrate of an electrically-
conductive metal;
15 (b) an elect;ode coating of an electrode active
substance; and |
(c) an intermediate layer provided between the
electrode substrate (a) and the electrode coating (b), ;J
wherein the intermediate layer (c) comprises a mixed oxide

20 of

(i) an oxide of at 1least one member

selected from — " titanium (Ti) and
tin (Sn), each having a valence number of 4 in an amount
of 60 to 95% by weight based on the weight of'metal, and

25 ' (ii) an oxide of at 1least one member



(I'l')- .a, process for producing an electrolytic el ectrode, conpriéing'the
steps of:_ (1) coating an el ectrode . substrate of an electrically

:conduci+ve netal with a solution containing 10 ' (1)
salt(s)_of Ti and/or Sn, and (ii) salt(s) of at |east one netal selected
from A, Ga, Fe. go. N and TI, to provige

coated substrate; (2) heating in "an oxidizing atnosphere the
el ectrode substrate coated with the solution in step (1), thereby ferang
-on ‘the el ectrode. substrate an internedi ate | ayer conprising a i xed OXIde
of (i) an oxide of at Ileast one nenber selected from

Tl and Sn in ael2etednfwom of —about—60—t-o—abett—35% by - weilgintinwas e  Adn) ,t he

wei ght of metal, and (ii) an oxide of at least one nenber selected
from .gallium (Ga), irom| (Fed, Feobabt NCaind micked afNbhp@nd of

T DR L f0 R R AR Ry 1 2
her et ot ot BRARCBE L r BRI L M TBAC sl ReHA T Ol E?Z%Xfﬁ&y-
" t-he electrgde GRAL1NY spabl es one to obtain
. L {II) a process for producing an electrolytic electrode,
) . comprising the steps of:
| (1) coating an electrode substrate of an
electrically conductive metal with a solution containing

10 (i) salt(s) of Ti and/or Sn, and

(ii) salt(s) of at least one metal selected

from - T ~—~———. al, Ga, Fe, Co, Ni and T1,to
provide a coated substrate; | |
N(Z) heating in. an bxidizing atmosphere the
15 eiectrode substrate coated with the solution in step (1),
thereby forming on tpe electrode substrate an intermediate
layer comprising a mixed oxide of

(i) an oxide of at 1least one member

selected from e - - Ti and Sn in an
2g- amount of about 60 to about 95% by weight "based on the
weight of metal, and

(ii) an oxide of at least one member

selected from — Al, Ga, Fe, Co, Ni
and T1, in an amount of about 5 to about 40% by weight

25 based on the weight of metal; and



an el ectrode which can be used with sufficient durability as an anode for-
el ectrochem cal processes in which the generation of oxygen is involved.
ThQ,+nterned|ate | ayer in the present invention 10 is corrosion-resistant
and s gl ectrochem cally inactive. A function of the i nt er medi at e Iayer IS
to pre'ﬁﬁt the electrode substrate, _ €9, T1, SO as to

pr even{\+passi vati on of t he el ectrode mﬁthout reduci ng its

el ectrial conductivity. At t he same tinme, the 15

i ntermedi ate | ayer -acts to enhance the adhesion or bonding between the base
material and the el ectrode coati ng. Accordlngly,' the present I nvention
provi des eIectrolytic(ébesubsdqsemhlzhcna¢émmﬁtheiéntedmeébatétﬁawhen used
in electrolysis for the generation of oxygen or 20 electrolysis in which
oxygen is %ishemalayeraQf an slectredetdehive SHRFEHIGesses have

her et of ore been considered difficult tq performwth conventlonal -

el ectrodes. The present invention is explained in greater detail qw
-8- In the productionggf the eI Q. strate % t sefnit |on
corrosi on-resistant, EP‘ECPFF@&PI y- mé%%‘ﬁ'% vesarre % QS ng Eal}"Séo% .

and Zr and Has c S I e talllc
o "o g orencgr tarier el et

heretOfQVG-Q%%@tQ@%ED@dﬂléﬁéiele&%ﬁb&éfﬁﬁéﬁ&ﬁgbéﬁSbles one to obtain

an electrode which can be used with sufficient durability
as an anode for electrochemical processes in which the
generation of oxygen is involved.
The intermediate layer iﬁ- the present invention
10 is corrosion-resistant and is electrochemically inactive.
A function of the intermediate layef is to protect thé
electrode substrate, e.g., Ti, so as to  prevent
passivation of the electrode without reducing its
electrical conductivity. At the same time, the
15 intermediate 1ayer'acts to enhance the adhesion or bonding
between the base material and the electrode co#ting.
Accordingly, the present invention provides
electrolytic electrodes which have sufficient durability
when used in electrolysis for the generation of oxygen -or
20 electrolysis in which oxygen is -generated as a side
reaction. Such processes have heretofore been considered
difficult to perform with conventional electrodes.
. The present invention is explained in greater

detail below.



material can be in any suitable formsuch as in the 'formof a'pl ate, a
perforated plate, a rod, or a net-like nenber. 10 _ ~ The
el ectrode substrate of the present invention may be of a type coated with a

pl atinum group nmetal such as Pt or a valve nmetal such as Ta and Nb in Q|
10 increase corrosion resistance or enhance_the bondi ng between the @
substrate and the internmediate layer. 15 = 8 - The i nt ernedi ate
is provided on the above- described el ectrode substrate and conprises a

- m xed. oxi de of an oxide of Ti and/or Sn having a val ence nunber of 4 and an
oxi de of at |east one nenber selected fromthe group consisting of A, G,

Fe Q00N and T havingzd Yhe JASISEGHTBET B 210EtTonn sunkleateolop | ¢

) 'e‘:;l ectrode conpri si ng an ‘el rode substrate of an electrl _
conductive MRpal dﬁt’é&é:@@ Thvendian, elRiirdrdencealsiistagk , @ dRiadr i0d1d8~
|

wherein g internedi ate |ayer of a m xed oxi de of an oxide 25 of Ti
and/ or $i,.and aonductdvel retslel/ oe.Mh,i STHy oTadedib, @nHBet3wenanéiheheir
‘substrates_and. the electrode coating is disclosed in US, Pat ent s
Nos. 4,471, 00®amed il Us o0en b usedect r ddbtakle ceksmphest @argadns badtliion
~and excel s durability, .The intermediate | ayer used in the el ectrode 5
exhi bits Jgood Tigordft THbfseaallaysn t §p8-r s@tidantitctdd MénBder WhdiGhce
_t*:.he' | nter medi ath%vleayt?erreh'ggfégem Eggncacrornilm%rnly' used. The electrode base
material can be in any suitable form such as in the form
of a plate, a perforated piate, a rod, or a net-like
‘member. |
10 The electrode substrate of the present invention
may be of a i:ype coated with a platinum group meté.l such
as Pt or a valve metai such as Ta and Nb in order to
increase corrosion resistance or enhance the bonding
between the substrate and the 'intermedia_te layer.
15 Thg intermediate layer is provided on the above-
described electrode _substréte and comprises a mixed oxide
of an oxide of Ti and/or Sn having a valence number of 4
and an oxide of at least one member selected from the
W | group consisting of Al, Ga, Fe, Co, Ni and Tl having a
26 valence number of 2 or 3.
An electrolytic electrode coinprising an
electrode substrate of an electrically ‘conductive metal
such as Ti and an eleétrode coating of a metal oxide,

wherein an intermediate layer of a mixed oxide of an oxide

- 25 of Ti and/or Sn and an oxide of Ta and/or Nb is provided



concentrétion' further | mpr ovenent W th respect to conductivjty:
was desired. Due to the concept of providing an intermediate 10 | ayer _
_possessing nmuch higher conductivity than the internmediate |layer of the
el ecfrode. of these patents, the present invention has nmade it possible
to {pRwduce an el ectrode which elimnategs-the drawback-suffered by the

el eqifrpde of these patents and offers still higher 15 conductivity and
durability. As the substance constituting the internediate layer in
~this invention, a mxed oxide of an oxide of Ti and/or Sn and an oxi de of

" at least one of Al, Ga, Fe, Co, NN 20 and Tl has been denonstrated to suit
t he purpose kgtyegn | Hhent Fohstaate pﬁ@@idéheanelﬁﬁ%ﬂﬁﬁﬁﬁrﬂ?at#W%mtiS

e z:Pzaa“zsﬁ%ﬁéeag9&?3&%&2@#@? e S
ST A B i

enbrace so

which are ngpsiioi £Hipet khe 191'%erfi@3§]atea faz@«:— WRIECHS the wéeéoaén

this invention, thée expression [ ERR [ER

[ERR], 5CoC exn iR , g0’ cohBRBEivREty &§cC. a:anqlz-ttly@:et eka} Bbﬁédc@éit de"
enbrace solid solutlons of such metal oxi des and those netal oxides:-

nonst oi chi ordweswer, since the intermediate layer has limited carrier .

concentration, fhrther_ improvement with | respect . to
conductivity'was deeired.. |

. Due to the concept of providing an intermediate

10 layer ©possessing much higher conductivity than the

intermediate Layer of the electrode of these patents, the
preséntﬁ iﬁvention has made it possible to 'produce an
electrode which eliminates the drawback suffered_ by the
electrode of these patents and offers still higher

15 coﬁductivity and durability. |
As the substance constituting the intermediate
layer ~ in - this_inventien, a mixed oxide of an

oxide of Ti and/or Sn and an_oxide of at least .

one_of Al, Ga, Fe, Co, Ni —

20 and T1 hae been demonstrated to .suit the purpose of this
invention and provide an outstanding -effect. The
substance of the intermediate layer provides excellent
resistance to corrosion, exhibits no electrochemical
activity, and possesses ample conductivity. The term

25 "oxide" or "mixed oxide”™ is meant to embrace solid



or having.lattice defects, for the sake of convenience. The substance of
sthe ‘internediate  |ayer, as described above, is any conbination of an
‘oxi de-of a.netal 10 havi ng a val ence of 4 (Ti or Sn), and an oxi de of;
met al - ‘having a valence of 2 or 3 (Al, Ga, Fe, Co, Ni and Tl). Specifig
~any of the m xed oxides [ERR] [ERR], [EBBL _[ERR], [ERR], [ERR],
[ERRI, [ERR]  and 15 [ERR can be %ed. advant ageousl y to =
achi eve an anple effect. For pr ot ect ed retention of durability and
conductivity of the electrode, the ratio of the oxide of the tetraval ent
metal to the oxide of the divalent 20 or trivalent nmetal nust be in the
range of - 95:5 danbfics by ft hfewalLohdx Ddegretatld medadn bRédesent ehichf ihe
~oxirde of the divalent or trivalent nmetal is not nore'than 5% by wei ght
subst anti.al | y nonstoigiviometaricc ps hser degtige defectm. perddr wsgede b
the elegfrode, and the durability of the el ectrode decreases with not |ess
than abguj ‘40%mis wdingentdpny hethii GSRERSSLPR enfiQg” ¢ r i"$&80anr ned O35

-The forngtion of the internepdi gte |ayer |j he elecirqde, He "
advant ag%()usl y'p%?zc_ég't'edt'gﬁot he %ﬁ'@o_mal' de@%érpbjsi FPGth‘é_t h 1i ch® t2%ri{ ses
of “compontnt nerel sHLoH Gl AIAAE SRS R Lok MOLEF g1 RIS Sge S

intermediate lqyef hOedDeofBids 8HOSLhALE ABYalheRiHE3! hbfistoichiometric

or having lattice defects, for the sake of convenience.

The substance of the intermediate layer, as

described above, is any combination of.an oxide of a metal

1g having a valence of 4 (Ti of Sn), and an oxide of a metal
having a valence of 2 or 3 (Al,-Ga, Fe, Co, Ni and Tl1).

- Specifically, any of the mixed oxides Ti0,~

51205, TiOZ—GaZOB, Snoz-FeO,- Sn02~CoO, Tioz~$n02—CO203f

Tiozés_rxoz-Nio, Ti0,~Al)0;-F1,0;,  $n0,-Ga,0,-Fe,0;  and

15 TiOZ-SnOZ-_-A1203-Ga203 can be used advantageously to

achieve an ample effect.

' For protected retention of durability and
| | conductivity of the electrode, the ratio of 'the oxide
S .. of the tetravalent meﬁal to the oxide of the divalent

| 20 or frivalent‘metal must be in the range of 95:5 to 60:40
by tﬁe weight of metal. When the content of the oxide

of the divalent or trivalent metal is not more than 5% by weight



the coated substrate in an atnosphere of an oxidizing gas at tenperatures-
of -about 350 to [ERR] thereby producing a mixed oxide. O her nmethods may -
be adgpted if desired so long as the method is capable of forming.a
honqajﬁ&ous, 15 conpact coat i ng. - By t he af ore-nentioned -

fit ‘oeconposition method, Ti, Sn, Al31G, Fe, Co, NI and Tl are readily

g¢d into their correspondi ng oxi des. The anmpbunt of the substance of
the internediate |layer to be applied to the substrate .preferably exceeds
20 about 5 x 10 nmol / m2 cal cul ated as netal . If the anobunt is |ess than

about 5 x [ERR] [ERR] nentioned above, the internediate |ayer conseguently
formed does snbstanbvality sunei cisprosements. ifhe obsieryefor A1  FHt efRBdi ate

I ' t hen 25 t ith l.ect ti bst ich
/%" ol oot rBERERFEANFS B i VA (G1AFSARNE | MOeLRT ol PABIIGEY SHf t SHFe.

I f h_el ectrod | ve. sub t Ld
Tt ires neLESFEoShpeRreRios ThRE PAF EERe Chiad oty UK, By BIRCEY oo

and durabiliby. cfe offife L¥PRiv&ient M5r @CiYMGentSHeHaNce can be. &
det erm ned appropriately depending on the electrolytic reactfon in which

the elegtrode is to BgeUEBIMmatibal idfe thelbihkeensdpacki Qualyar yirsuithabl e
for the above-described electrolytic processes in which the generation of

oxygen is ingdkygedodd - darc| bde adattiageougmlyupe fifeatedxibgesthandherned .
oxi des of platinumgroup netal oxides and val ve netal oxides. .
decomposition method which comprises the steps of applying
a mixed solution containing chlorides or other salts of
component metals destined to make up the aforementioned
10 intermediate layer to the metal substrate and then heating
the coated substrate in an atmosphere of an oxidizing gas
at temperatures of-about 350° té 600°C thereby producing a
mixed okxide. . Other methods may be adopted if desired so
long as the method is capable of forming a homogeneous,
15 compact coating. By the afore-mentioned thermal
decomposition method, Ti, Sﬁ, Al, Ga, Fe, Co, Ni and Tl
are readily converted into their corresponding oxides.
The amount of the substance of the intermediate
layer to be applied to the substrate preferably exceeds

3 mol/m2 calculated as metal. If the amount

3

20 about 5 x 10~

is less than about- 5 x 10~ mol/m2 mentioned above, the
intermediate layer consequently formed does not provide
sufficient effects.

The thus-formed intermediate -layer is then

25 coated with an electrode active substance which 1is



_:TypicaL exanples include: Ir oxide, Ir oxide-Ru oxide, Ir oxide-Ti oxide,
"Ir-oxide-Ta oxide, Ru oxide-Ti oxide, Ir oxide-Ru oxide-Ta oxide, and Ru

oxi de~1 oxide-Ti oxide. 15 The electrode coating can be

formed-.in any suitable manner , e.g., by t her mal deconposi t jo7
el ectrochemi cal oxidati on, or powder. jssintering. A @
particularly sui tabl e t echni que IS t he t hermal deconposi tion

“nmethod as described in detail in U S Patents 20 Nos. 3,711,385 and
3,632,498. The exact reason why the provision of the internediate

| ayer, i.e., the layer of the m xed oxide of 4-valent and 2- or 3-valent
“metals, betwedrectidechestizirldiveciciize Sab@nasiuse able desirele@uasiket.
- active -coating 25  _produces t he above-described , results- is not
“wel | -13- TSoexampiR\RE | SRR elRGErade; Actd Vo POHERTE St RFe

gason, e bel e 0 LR, Qa2 oOLRBRERL! Vene Lok S ihed "
e, 2N ol A bR OEL o AR MOS0 1YY

by about . §0% sipd | edygdianng hathedf abiti®e Shubsthiiice | HlircaliRs tdedednlidd xed
oxides of the. netal's forma |layer of a uniform 10 dense solid solution or

-m xed oxi de cepmedt iaielyy @épendimg| @n t the cslesdtdolytdse. reaSkhor sirch

an internedi ate . .
which the electrode is to be used. . Active substances
particularly suitéble for the above-described electrolytic
processeé iﬁ. which the generation of oxygen -is involved

10 include: platinum group metal oxides, and mixed oxides of
platinum group metal oxides and yalve metal oxides.
Typical examples include: Ir oxide, Ir oxide-Ru oxide, Ir
oxide-Ti oxide, Ir oxide~Ta oxide, Ru oxide~Ti oxide, Ir
oxide-Ru oxide-Ta 6xide, and Ru oxide-Ir oxide-Ti oxide.

15 o The electrode coating can be formed in any
suitable manner, e.g., by thermal decomposition,
electrochemical oxidation,  or powder sintering. A
particularly $uitable techniéue is the thermal
decomposition method as described in detail in U.S. Patents

;g Nos. 3,711,385 and 3,632,498.

The exact reason why the provision of the
intermediate layér, i.e., the layer of the mixed oxide of

~ 4-valent and 2~ or  3-valent metals, between the metal
electrode substrate and the electrode active coating

25 ~ produces the above-described results- is not well



| ayer has a hidh resistance to corrosion, the surface of the substrate.
covered with the dense netal m xed oxide internmediate layer is protected
fropr oxidation, and hence 15 passivation of the substrate is prevented. In

thedAn ecnedi ate | ayer, the 4-valent and 2-or 3-valent netals are present
si mp{X)dneousl y as oxi des. Therefore, ‘accpyding to generally known
S pri | es of Controlled Valency, the internediate | ayer becones an p- 20

type sem - conduct or having. a very high el ectrical conductivity.
Mor eover, where netallic Ti, for exanple, is used as a substrate, even when
el ectrically non- conductive Ti oxides are formed on the surface of the
substrate duindgrstsods oddotiegeref whidee|nat rddeirbng dbei g 2Hundethse of

the electrode in electrolysis, the 2- or 3- -14- valent netal in
the interned¢asen i%lybﬁllﬂﬁqﬂ tﬁaﬁesfc’léffﬂ!’sr-enders the Ti oxides
sem -conductors.. Accordin e electrig

; d f. th
“electrode is maintai ned ¥ %ﬁ LYy p?gvéﬁfgﬁgcgi¥héx Enale eAgﬁm
addi tion, t%?rdegt glatﬁehI%% pyubstance; phi ééh&QﬂQEﬁFd dai gLy of

rutile type énh nées e adhesion or bondi ng between the substrate

of, €.9. ”E&é‘&éafnitméngtabé shecttmdqoaﬁfd V&Rt 6 A0t Rése Enftald! @hi nUM
group nﬁ&a. oxl des and valve netal oxides, and 10 hence increases the

© durability of heostr@ihaeden Erater esay WHNRﬁtlehelxahgaxbémmbem gheater °

value by about'lO% larger than and the value by aboﬁt'lO%
' smaller than that of Ti or Sa. This indicates that the
mixed oxides of the metals form a layer of a uniform,
1g dense solid solution or mixed oxide composed mainly of a
rutile type cryétal phase. Since such an intermediate
layer has a high resistance to.corrosion, the surface of
the substrate covered with the dense metal mixed oxide
"intermediate layer is protected from.oxidation, and hence

15 Ppassivation of the substrate is prevehted.

In the intgrmediate layér, the 4-valent and 2-or
3-valent metals are ?resent simultaneously as oxides.
Therefore, according to generally known principles of
Controlled Valency, the intermediate layer becomes an p- ;J

2g ‘type semi-conductor having- a very high electrical
conductivity. Moreover, where metallic Ti, for example,
is used as a substrate, even when electrically non-
conductive Ti oxides are formed on the surface of the
‘substrate during the production of the electrode or during

25 the use of the electrode in electrolysis, the 2- or 3-



detail by reference to the follow ng exanples which are in no way intended

to-limt the present invention. Unl ess otherwise indicated the ratios
are by-weight. 15° EXAMPLE 1 A commercially

avail abl.e Ti plate having a thickness of 1.5 mmand a size of 50 50 mMm
was degreased wth acetone. Thereafjer, the plate was @ct?éd
to an etching treatnent wusing a 20% agqueous 20 hydrochloric d -
solution mai ntained at [ ERR]. The thus treated Ti plate was used as an

el ectrode substrate. A 10% hydrochloric acid m xed solution of cobalt
~chloride, containing 10 g/l of Co, and titaniumchloride containing 10.4
g/l of Ti, wasvabeted metahe in pthée intermediate sLbpér at @ifpasési ednd
Thereafter, the plate was heated for 10 minutes in a nmuffle furnace

mai nt ai ned at FErGQrs Tikhe Rioceuides wssmicpondudteorse tiAdgsondingiym the

intermedjpate layer of a 4.0 x ERR] [ERR] mixed 5, oxide ,(weight
ratio g‘{"j Ti ei%ct%bca_l .q%ét%ﬁtx{rﬁf ﬂﬁ%e sehitreRde e mafphmbned and
- sol ution'. of %ae%ié* 'g{gn c${%%&%tce%nt aining 50 g/l of Ir was coated on

t he above"—for_ Int érneda ayer dnd heated for 10 minutes in a nuffle
10 furnage maintained ajp[ Bdicionti £nBl OFAELEfedBied RGeS0 LUpEE
times to produce an. electrode wth |Ir oxide, contalfing . ?%ﬁ:{]
of - Ir, as ammicheqdk flinposd | MEiRUPSIFCLutile type oxides enhances
the adhesion or bonding between ‘the substrate of, é.g.,
metallic Ti, and the electrode active coating of, e.g.,

platinum group metal oxides and valve metal oxides, and

~ 10 . hence increases the durability of the electrode.

The 'present invention is described in greater
- detail by reference to the following examples which are in.
no way intended to limit the present invention. Unless

otherwise indicated the .ratios are by weight. |

15 _ EXAMPLE 1

| A commercially available Ti plate having a
thickness of 1.5mm and a size of 50 mm x 50 mm was
L o d.egreased with acetone. . Thereafter, the~ plate was

subjected to an etching treatment using a 20% aqueous

20 "hydrochloric acid solution maintained at 105°C. The thus
tr.eated Ti plate was used as an electrode substrate.

A 10% hydrochloric acid mixed solution of cobalt

chloride, contaiﬁirig 10 g/1 of Co, and titanium chloride

containing 10.4 g/1 of Ti, was coated on the Ti plate



Wth the thus-produced el ectrode as an anode and 15 a graphite plate as a

cathode, accelerated electrolytic testing was perfornmed - in a 150 g/l
sul furic acid electrolyte at [ERR], and at a current -density of
100: [ ERRY. The results denonstrated that this el ectrode could be used in
a sta manner for 150 hours. 20 For conparison, an el ectrode
was p ced in the sane nmanner as ab6V&5eicept that the internedi ate | ayer
was not provided. This electrode was al so tested in the sane nmanner as
above. The results denonstrated that this el ectrode was passivated in 20
hours and could no | onger 25 be used. Further, an electrode was

produced inghag 3308 HARate alivea p&Ept thatebpebepdtnt pEERE wasi xed
oxi de of [EISI%] g’ope wi th antinony oxide in an anmount of 20% by weight

cal cul ated neateBERR}r Wos mimerks atn hendEEfld nfernacke ameingpdned athen
tested in the same nmanner as above this el ectrode showed peeling off of
the el ectrod&04cti varksishprovsduce oras nrepeaird sEhvRl E40eE &8 IEORFer p

used. EXAMPLE 2 10 An el ectrode.-was prpduced in, t saneranner
as in Exanpliateraeddgtet Aayesn q%taer%e%li’égeo I a;}%ﬁ@? ?‘?ﬁ-’z%%{zmﬁuﬁ Xed .
oxi de (weight ratio of, Ti to_Al = CTal2. S Dr Qi . T :

thus-pgédugé’d‘ Cect' M58 srtaé'%?edglgn ?% £3 68 Doyl ortxg%pﬁe'rll. The

D

e sane nmanner as 1 n

results demygialed. . | |

A butanbl - solution of iridium  chloride
containing 50 g/l of Ir was coated on the above-formed
‘intermediate layer and heated for 10 minutes in a muffie

10 furnace maintained at 500°C. This procedure was repeated
three times to produce an  electrode with Ir oxide,
containing 2.0 g/m2 of .Ir, as an electrode active
substance.

Wiéh the thuséproduced electrode as an anode and

15 a graphite plate as a cathode, accelerated electrolytic
testing was performed in a 150 g/l sulfuric acid
electrolyte at 60°C, and at a current density of
100 A/dm2. The results demonstrated that this electrode
could be used in a stable manner for 150 hours. -

20 For comparison, an electrode was produced in the
same manner as above except that the intermediate layer
was not provided. This electrode was also tested in the
‘same manner as above. The results demonstrated that this
electrode was passivated in 20 hours and could no longer

25 be used.



15- that . this electrode could be wused for |longer than 60 hours.
"EXAMPLE 3 A: comrercially available Ti plate having a thickness of 1.5 nm
and g.-size of 50 nmx 50 nmwas 20 degreased with acetone.
- Thereatter, the plate was subjected-to an etching treatmnent. y
oxalic acid maintained at [ERR] for 12 _hours. The thus-tre¥
pl ate was used as an el ectrode. substrat €. lVarlous el ectrodes were prodUced
by coating the 25 electrode substrate with the internediate |ayer shown in
- - 17 - Table 1 bel ow and an.el ectrode active substance in the same manner
"as in Exanple 1. [ERR] (weight ratio of Ruto Ir is 50:50) was used as
‘the el ectrode active supgienee, ol eRaHrod efis0gRoducednase tié eghmedes
‘were 5 subj ected to accelerated electrolytic testing to determ ne their
durability aanne2nas abode. except tHhé inateedeofit ®d0ghCo Ogbyalmlwaé
perforngd-in an aqueous 100 g/l sulfuric acid solution as the el ectrol
at [ERRL_;and axigdec At PROgleAoPEG airlt:moarnmqnm pKide gt c2BPERE 8 the

cathodefTi0. e cesulls bl oL 15950, 510N | 8,150 ok beL g TR ©chyr
'[ERR]_ 5 'mtermed:.age layer. = When j:ested in the same manner as-
’ above, this electrode showed peeling off of the eiectrode
active substance layer in 45 hours and could no longer be
used. |
EXAMPLE 2
-/ . '
10 An electrode was produced in the same manner as
in Example 1 except that an intermédiate layer of a TiO,-
A1203 mixeq oxide (weight ratio of_Ti-to Al = 87.7:12.3)
was provided. The thus-produced electrode was.tested in
the same manner as in Exémple.l. The results demonstrated
15 that this electrode could be used for 1longer than 60
| hours.
EXAMPLE 3
A commercially available Ti plate having a
L tﬁickness of 1.5 mm ahd a size of S50 mm x 50 mm was
20 degreased with acetone. Thereafter, the plate was

subjected to an etching. treatment using oxalic acid
maintained at 80°C for 12 hours. The thus-treated Ti
plate was used as an electrode.éubstrate.

Various electrodes were produced by coating the

25 electrode substrate with the intermediate layer shown in



(22.8:70.6:6.6) 2 [ ERR] 64 (30.5:63.5:6.0) 3

[ERR] . 48 20 (25.3:47.1:27.6) 4

[ ERR} - 54 (82.5:17.5) 5 [ ERR] .

60 (70 0.0) 6 [ ERR] 30 25

( Conpé n) 7 [ ERR] -17 - 18 (conpari son)

(80: 20 te: The nunerical values givenn parentheses represent the

wei ght 30 rati.os of conponent netals present. =~ -18- From

the results in Table 1, it can be seen that electrodes incorporating an
internmediate layer of this invention had decisively |longer service life
and exhi bi t edrdbigher belosluraald | ahy electrwie actébvectsultance in the
(conparison) 5 i ncorporating a conventional internediate | aeyr. EXAMPLE
4 Four el ect reaRs BRNRRGCRELd® iBxammie P- beR§R, M0, privededd inetiee afire

manner as in Exanple_1. , These electrodes were s%pjected to accel erated

eIectrontic:Ru to Ir is 50:50) was used as the electrode acti -,

substance for each electrode. These electrodes weg;
5 subjected to accelerated electrolytic testing to determine
their durability as an anode. The  accelerated
electrolysis was performed in an aqueous 100 g/1 sulfuric
acid solution as the electrolyte at 40°C and at a current

density of 200 A/dm2 with a graphite plate as the cathode.

o/
10 The results obtained are shown in Table 1 below.
Table 1 -
Run No. ‘Intermediate Layer Service Life
{hours)
15 1 Ti02-Sn03-Fe03 70
(22.8:70.6:6.6) -
2 : TiO2-5n02~NiQ : 64
{30.5:63.5:6.0)
3 Ti02~Sn02-Gaz03 _ ' 48
20 (25.3:47.1:27.6)
4 Sn0y-Co203 : 54
(82.5:17.5) _
5 Sn0y-T1,03 60 ~
(70.0:30.0) '
6 TiO2 .30
25 (Comparison)
7 Sn02~-Sb203 18
{compar ison) (80:20) o

Note: The numerical values given in
parentheses represent the weight
30 ratios of component metals present.



-~ .10~ testing.

The accel erated el ectrolytic tesing was perfoned in a 12N

“aqueous NaOH sol ution at [ERR] and at a current density of 250 [ERR].

[ ERR]-{wei ght

ratio of Rutolr is 50:50) was used as the el ectrode active

substance for each electrode. The results are shown in Table 2. 15 =
Table 2 Run No. | nt er nedi at e Layer Service Life (hou

[ ERR]

10 (90.6:9.4) 3
1 .

- -19 Not e:

16 (10.4:76.9:12.7) 20 2

‘ratios of conponent netals present. It can be seen fromthe results in

"Table 2 that 5

““and thus service Ii fe, FGOWhéh@omUé-ttlsvé-nelwlﬁode J-Asc?tnatb@d seeneiti@fove

the el egtrode

_ _ S of this inyention excel | ent rabj it
“el ect r qghieni c& leGtsodeses mﬁBFP?EﬁFh’Wy ac%os‘é‘tleﬁm\ﬁﬁllélﬁ €ge §¥3¥ o‘?1é10fthls

-

: 5
.

10

15
%

20

25

inverition had dec15;vely longer service life and exhibited

higher durability than electrode (comparisoni

incorporating a conventional intermediate laeyr.

EXAMPLE 4
Fbur electrodes as described in Table 2 below

were produced in the same manner as in Example 1. These

electrodes were subjected to accelerated electrolytic

testing. The accelerated electrolytic tesing was perfomed
in a 12N aqueous NaOH solution at 95°C and at a current

density of 250~A/dm?. RuQ,~Ir0, (weight ratio of Ru to Ir

2
is 50:50) was used aé‘the electrode active substance for

each electrode. The results are shown in Table 2.

Table 2
Run No. Intermediate Layer Service Life
' (hours)
1 Ti02-Sn02~Co203 16
: (10.4:76.9:12.7)
2 Sn0y-Fep03 10
{90.6:9.4) '
3 - 3
(Comparison)
4 (Sn02-8b203)+Sn0y - 5
(comparison) Powder (80:20)

[
_ o . = 18 - 3 (Conpari son)
[ERR] 5 25 - (conparison) Powder (80:20)
The nunerical values given in parentheses represent the wei ght

the el ectrodes of this invention have superior durability



10 oxygen is involved, and can be used as various types of
as an el ectrolytic el ectrode and an electric cell or batte
- 20---CLAI M5 1. An el ectrolytic el ectrode conprising:

ate of an electrically-con- ductive netal; (b) an el
ectrode active substance; and ()19 an |nterned|at
. between the electrode substrate (a) and the

provi

el ectrodes such'’
ry el ectrode.
(a) an el ectrode
ectrode coating
e |ayer

el ectrode

coating (b), wherein said internediate layer (c) conprises a mxed

10 oxi de conS|st|ng of (|) an oxi de of tltanlunland/or t
val ence nunber of 4, nmount of 6 to 9596 ht h
wei ght of netal, andNPFF) éﬁ

iron, cobalt, nickel an E

or 3, in an anmount of 5 to 36¢6 y melgﬂ? ase

An electrode as clained in daim 1, mhereln sald el ec

- (a) is one of titani umpet ¥ahalbéMsedh FroWbEthEN BbsELESORRY
t hereof . 3. -An electrode as clained in.Cdam 1 or.

in, each having a
ased on the

oF2at Viel
fiPEetl, e ggf? B eI, Sonner
wel g

of netal. 2.
trode subsirate

MaByledl alH
2, mherelnE§Z|d

|nternedﬁatequNﬁléaﬁraqunoseshaa ahsehtmonn@a@u\snperlor durability

and thus service life, to the comparative electrode.

As stated hereinabove, the electrodes of this

-invention shows excellent durability in electrochemical

processes, particularly those in which generation of

10 oxygen is involved, and can be used as various types of

electrodes such as an electrolytic electrode and an

electric cell or battery electrode.

fn



m xed oxide of (i) [ERR] and/or [ERR] and 25 (i) af | east one
oxi de sel ected from[ERR], [ERR], [ERR], [ERR], CoO [ERR], N O and [ERR].

4. —~~An el ectrode as claimed in aimi, 20r1
el ectrode active substance contains a platinum ﬁmnﬂ“ I"l‘l oxi de

t hereof. 30 5. An electrolytic | ectr ode *ascclalnﬁd#n*CIalrrV
substantially as herei nbefore described”i Dany of Exanples 1 to 4 apart 2
fromthe conparison runs. 6. A proge im%or produci ng an el ectrolytie

el ectrode, conprising the steps of: 1) coati ng an el ectrode

substrate of an, el ec”'ﬁ?r?"%?’ec%g}ilcttmg’%le@% alye P ?s?%ut ion containing

(i) salt(s) of Ti and/or salt 8ast one et al
‘selected fromAl, Ga, Fea) @n FEileahdgode ﬁ@bpﬁéateeca’dﬁateaeeteecabhé-con-
substrate; (2) @@@gi@g thdk £ OXI d| zZi ng at nosphere the el ectrode substrate

-coated with sal sol utld{)n} In % t her eby farm ng ai d
_subst r at; i nt er medi % e 27 a?éFCt 85’5 FHNhedi P &llﬁlcfrBF’% 3Gkt a0
(3) subs quentég{bs'ca)&tengandsal d internediate layer with a [ayer of an

el egtrode ;active SUbSt?{‘.{ﬁe d inted e%rl%%%sslij(n ?'haggﬁglb g9 BLELOen  the

“wherein said coating o er nedi at é 1 ayer d electrode actjve
sub: electrode substrate -(a) and the electrode coating (b),

M wherein said intermediate 1layer (c) comprises: a mixed
10 oxide consisting of | _
(i) an oxide of titanium and/or tin, each having
a valence number of 4, in an amount of 60 to 95% by weight
based on the weight of metal, and
(ii) an oxide of at least one of aluminum, gallium,
15 iron, cobalt, nickel and thallium, each having a valence
number of 2 or 3, in an. amount of 5 to 40% by weight based
on the weight of metal.

2. An electrode as claimed in Claim 1, wherein said
electrode substrate (a) is one of titanium, tantalum,
20 niobium or zirconium or an alloy thereof.

3. An electrode as claimed in Claim 1 or 2, wherein
said intermediate layer (c) comprises an electroconductive
mixed oxide of

(1) T102 and/or SnD2 and

U 25 (ii) at least one oxide selected from Al,0;, Ga,04,

Fel, Fe,0

,03, Co0, Co,0;, NiO and Tl

20

3.
4, ~ An electrode as claimed in Claim 1, 2 or 3,'uherein
said electrode active substance contains a platinum-group

N metal or an oxide thereof.

30 5. An electrolytic electrode as claimed - in Claim 1,
substantially as hereinbefore described in any of Examples

1 to 4 apart from the comparison runs.

LR A process for producing an electrolytic electrode,

comprising the steps of:



stance i s carried out by thermal deconposition. A process as
clainmed in Claim7, wherein said inter- nediate

heatl ng the coateéed el ectrode substrate under .an. o ‘%‘“MW re at a
te ture of 3500 to 6000C. 9. . A pr.ocess nsCdamgp, 7
ormerei n 20 said electrode substrate i s one of titanium

tan m niobium ‘or zirconiumor an al I26y -t her eof . A process as
clained in daim6, 7, 8 or 9, wherein said el ectrode actlve subst ance -

contains a pl ati numgrbuipateng a5 edecériode swbssartergf aniglectrically

process as C&A&é@ﬂel%eﬁlal with, af%rolum&eelucwgt@fhueéef(tlr)olyélt:(s)
el ectrode, substanti as herejpb fore&tcae criped in any of. les 1

to 4 apart fPomthe® rﬂr paf‘rsé‘rf'dru §1/12 APT eBEciEgSFsine p’F%gg
wherein an s@i@@ﬁé@dﬁrorﬁsABQ Ga,dEscr Ched Nii ananylotoq:abntdelatmétm
made bsy a prgfesgrge sr%era d1 any of dains 6 to 11 is used.

(2) heating in an oxidizing atmosphere the electiﬁﬂe
substrate coated with sald solution in step, (1), thereby

(3

forming on said substrate an intermediate’” layer (c) as

-

L

defined in Claim 1 or 3; and
' 10 (3) subsequently coating said intermediate layer
with a layer of an electrode active substance.

7. A process. as claimed in Claim 6, wherein said coating

of the intermediate layer with said electrode active sub-

stance is carried out by thermal decomposition. \—)

.15 8. A process as claimed in Claim 7, wherein said inter-
mediate layer is formed by heating the coated electrode,
substrate under an oxidizing atmospﬁere at a temperature
of 350° to 600°C. '

9. ' A process as claimed in Claim 6, 7 or 8, wherein
20 said electrode substrate is one of titanium, tantalum,

niobium, or zirconium or an alloy thereof.

10. A process as claimed in Claim 6, 7, 8 or 9, wherein
said electrode active substance contains a platinum-group
metal or an oxide thereaf.

25 11. A process as claimed in Claim 6, for producing \U/
an electrolytic electrode, substantially as hereinbefore
described in any of. Examples 1 to 4 apart from the com-

parison runs,

12. An electrolysis process wherein an electrode as
30 described in any of Claims 1 to 5 or made by a process

as claimed in any of Claims 6 to 11 is used.




