COATED METAL ELECTRODES FOR ELECTROLYSI S AND PROCESS FOR PRODUCTI ON THEREOF
The present invention relates to electrodes [err] electrolysis
(heretnafter referred to as "electrolytic 5 el ectrodes”) and.a pr-ocess
fo\r@e.production of the same. Mdre particularly, the ﬁ%

I n ion relates to electrolytic electrodes showi ng hZQﬁ ﬁllty,
i.e., along service life, when used i+ klectrochem cal processes, an
aqueous solution in which the generation of 10 - oxygen at the anode i s

i nvol ved, and a process for the production of the same. Heretofore,

el ectrolytic el ectrodes conprising a substrate of valve netal. , e.g.,
titanium (Ti), have been used as superior insoluble nmetal electrodes in the

field of el ectroc&SNT&ED METALY iRARES F O/, i del d
alngdesofore teﬁerggneratlﬁ Do PROGESH| hQRi?@%cﬁﬁﬂgggﬁﬁw ortde)

L chl ori de)
el ectrolytic industry. In addition to Ti,' tantalum (Ta), niobium (Nb),
zirconium (Zr), hafnium (H ), vanadium (V), nolybdenum (M), tungsten
(W, etc. 20 are known as valve netals. These netal el ectrodes are

produced by coating netallic titaniumw th various el ectrochem cal ]y active

- 2 -. substances suchnds ?L?L-éﬂh'm 9{]&&1@% 3 §1 266k t he) Te Xud Elasgedxanpl es

of such platinum group ne and their oxides are described in, e.g., US.
Patent NoS.e13i3 i #nd(FerdinSfber dépseredectsodas chelsgtrobyBia | ow

on OE'II ne. electrodes") and a process for the production of the same.
" ‘' More particularly, the present invention relates to
eléctrolytic electrodes showing high _durability, i.e., a

long service life, when used in electroche_mical procesées,

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

10 oxygen at the anode is involved, and a process for the

production of the same.

- Heretofore, electrolytic electrddes comprising a
substrate of valve metal , e.g., titanium (Ti), have been
used as superior inéoluble' metal electrodes in the field

\I’S of electrochemistry. In particular, they have been widely
used as anodes for the generat';ion of chlorine. in the salt
(sodium chloride) electrolytic industry. In addition to
Ti, tantalum (Ta), niobium (Nb), zirconium (Zr), hafnium
(I-if), vanadium (V), molybdenum (Mo), tungsten (W), etc.

20 rare known as valve metals. |

These metal electrodes are produced by coating

metallic titanium with various electrochemically active



.5 ¢« overvoltage over a long period of time as el ectrodes for the
generation of chlorine. However, when the above netal electrodes are used
as®anodes in electrolysis for t he generation of oxygen or electrolysis in
whj ch the generatlon of .oxygen 10 I's involved, the anode overvoltag
gradual ly increases. In extreme cases, thejanode is passivated and thu
becones inpossible to continue the electrolysis. The phenonenon of

passi vation of the anode is believed to be caused muinly by the
formation of 15 el ectrically non-conductive titanium oxides that
result from (1) the oxidation of the titaniumbase material w th oxygen

by the el egubs#@ncegosiichyasopdiadinumy rouXinketsldbsandicehelisebikided)
oxygen di ffusi on-perneating through the el ectrode coating; or (3) the

el ectrol yte. 2Bxamples of sucHorpkatinumogroggcimetilst andaltheir oxides
non- conductive oxides in the interface between the base naterial'and t he
el ectrode coat ang cdesecibed diroct fefe rcoltPng Ratenk| Nors. 3,632 .49% canss
probl enms such as_a_breakdown_of the_el ectrode.

EIectrochenxcaﬁv7&#0§§§ses hesﬂhﬁéﬁctfﬁgesaﬁﬁéb‘maln%?‘%r%dﬁﬁ? F§18£9Q€n

or where oxy nerated at the anode as de.reaction
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However,- when the above metal electrodes are
W, | qsed és aﬁodés 'iﬁ 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
becomes impossible to continue the electrolysis.

The phenomenon of passivation. of the anode is
believed to be caused mainly by the formation of

15 electrically .non-conductive titanium oxides that result
from (1) the oxidation éf 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 electrélyte.

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
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el ectroplating; (4) electrolysis of dilute salt water, sea water,

hydr ochl ori c aci d, or t he i ke; and (5) eIectronS|s for the
production of chlorate, and so forth. These processes are all industrially®”
i mpeY t-ant . However, 10 the.  above-descri bed probl ens have
h‘red metal el ectrodes from bej_ng used in these processes. U S Patent
No. 3,775, 284 discl oses a techni que t® Overcone passivation of the

el ectrode due to perneation of oxygen. In this technique, a barrier

| ayer of a 15 platinum (Pt)-iridium(Ir) alloy, or of an oxide of coba

It (Co), manganese (M), lead (Pb), palladium(Pd), and Pt is provided
bet ween dhsat€cliki CetyyersPNAuCt iNer & UlSlyqdle 24d ogé}?e&t@gd rade epating.

The substances form ng the internediate barrier | ayer prevent the

- di ff usi canqubs neat aorsidde axemevichy i Dgckhaet r qlLysiesldok rolis Xt €8ing
However, these substances are electrochenically very active and

t her ef oree, sukfietiei vicidt hathyl ext ndkyic awiskibath; hmougilkalie batkct rode
coat i ng. This produces el ectrol ytic products, e.g., gas, 25 on the
surface @f théelikeer fadi &tlécﬁeﬁorlly(irlq Bepangfiion of mr@nm (Tige to
addi tional problens. For - exanpl e, the adhesion of the elggisode
cdating CF%PE’%a(‘F'éH: dgénc (Zn) ' °rt FhmyLiker ARY VRGOS t¥EeSicREes of

-the el ect ode co e bef ore life _ of the substance
of the 5 ?%tag}ﬁﬁ rplysife Pt Y &2l ?cﬂﬁ%ﬁﬁqss?%at t he,

corrosi on tre5| st ehncde ochlohreicr esul t |dng eI ect rgges [ ilgoor (%)

elqctrolysis for the production of chlorate, and so forth; o
These processes are all industrially importaht. However,
10 the = above-described problems have hindered metal
electrodes from being used in these processes.
U.S. Patent No. 3,775,284 discloses a technique
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 coba
1t (Co), manganese (Mn), lead (Pb), palladium (Pd), and Pt
is provided between the electnicall&-conductive substrate
and the electrode coating.
The substances forming the intermediate barrier
20 layer prevent the diffusion-permeation of oxygen during
electrolysis to some “extent. However, these substances
are electrochemically very active 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



"Thus, the method disclosed in U.S. Patent No. 3,775,284 fails to produce
el ectrolytic el ectrodes which have high durability. 10
Japanese Patent. Application (OPI) No. 40381/76 (the term "OPI" used

herein "reférs to a Publ i shed Unexami ned Patent Application ) di es
an internedi ate coating layer conprising tin oxide doped with antino kN
oxi de for coating the anode. However, tIe4amode used is 15 an anode

-intended for the generation of chlorine, and hence an el ectrode
provided with an internediate coating form ng. substance disclosed in the
above publication does not show t he generation of oxygen. U S Patent No.

3,773,555 di scl sgééagl ecE Odgngtlonairn#gBéihﬁblayer<ﬁ£ ?% q§ Ofthe

e.g., Ti, and 8 atlnun1grou an oxi ‘ar e

| ami nat ed and Ganked op! éf'etﬁteecélrém.erode H?&@!?ﬁg tilg §mEEQE’EBOG@ehaS theo
problemthat when it is used in electrolysis in Which e generati on of
oxygen is involghgdidldas dnmtéNemDESUr SnfluehBespioEsetie eD¥ebtbds poatites
the ability  to overcone the above-described problens. Mre specifically,
an object of-velhdngor e€€nt beiforent ithe lifetoofprbhecksuﬂst:naﬂ;ﬂoﬁ: the
el ectrodes which are especially suitable [err]. -use in

el ect rolsysi s™feLelttriodehe apatdmat i dré ofowseygen Alnstlhle\rob\rebleml is. thaghitbe
resisst paSS|vat|on and have high durablllty -Anot her obj ect of the present -
invention is t@qmﬂgﬁhﬁﬂ resigganessof r%ﬁ%kﬁkﬂ9931eﬁﬁéﬂdeéléétﬁﬁ%&ﬂc

'Thus, the method disclosed in U.S. Patent No. 3,775,284

&; fails to produce electrolytic electrodes which have high
durability.
10 Japanese Patent Application (OPI) No. 40381/76

(the term "OPI" used herein refers to a Published
Unexamined Patent Application ) discloses an intermediate
coating layer comprising tin oxide doped with antimbny-
oxide for coating the anode. However, the anode used is
15 an anode "intended for the generation of chlorine, and
hence an electrode provided with an'intermédiaté coating
.forming substance disclosed in the above publlcatlon does

not show the generation of oxygen.
U.S. Patent No. 3,773,555 discloses an electrode
20 in which a léyer 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 which

the generation of oxygen is involved, passivation occurs.



10 el ectrodes. According to the invention we provide: (l) An
electrolytic electrode conprising (a) an electrode substrate of an
el ectrically- conductive netal; 15 (b) an el ectrode: coating »

of <electrode active substance and (c) an internedi ate | ayer provided
bet{¥8gn the el ectrode substrate and-tBe-eIectrode coating, wherein the
i nt 8¥vedi ate | ayer (c) conprises a mixed oxide of 20

(i) an oxide of at |east one nenber selected from

titanium (Ti) and tin (Sn), each having a val ence nunber of 4 and (i)
an oxide of at |east one nenber selected from

al um num (Al), 25 galliun1 (Gﬁ) iron (Fe)}; cobalt (Co), nickel

i nam () o spEhd, PhdseRec LaRiaGS 260168I\HE Hiidy Jo 20

pl ati num (Pt) disperse oxI de process -t or

pr oduci ngvapcemhecihe! %&ed&gdﬂ%a EHBY1 s tﬁs:éts éc%mé@?coatl ng

an. electrode substrate of an éelectrically condu tive ne th a

sol uti onagonioljaicty (éf Sehe(s)prafsekt anghPénon (1 itk 884.6(5%:8@18& | east
one net al selected from Co, N and
T, 10 eleetfloiytis ereaﬁramed%wmtcmreredeseeatﬂmm} su1tab1a éf

-5 use in electrolysis in which the generation of oxygen is

involved, i.e., which resist passivation and have high

durablllty. -
_ , “
Another object of the present 1nvent10n is to '
- provide a process for producing such electrolytlc
10 electrodes. |
According to the invention we provide:
(I) An eleetrolytic-elecfrode comprising
(a) an electrode substrate of an .elecErieally-
conductive metal; |
15 _ | (b) an electrode coating of an electrode active
substance' and -
(c) an intermediate layer provided between the- i“j

electrode substrate and the electrode coating, wherein the
intermediate layer (c) comprises a mixed oxide of

20 ' (i) an oxide of at least one member

eelected f;om _ 2 titanium (Ti) and
tin (Sn), each having a valence number of 4, and

(ii) an oxide of ‘at least one member

selected from aluminum (Al),

25 gallium (Ga), iron (Fe), cobalt (Co), nickel (Ni) and



substrate; (2) heating in an oxidizing atnosphere the electrode
substrate coated with said solution in step (1), 15 thereby form ng on
the el ectrode substrate an internediate |ayer conprising a mxed oxide of
(i) an "oxide of at |least one nenber=-sélected from : a
Ti-and Sn, and (ii) an oxide of at |least one nenber. 20 sele-dﬂ%";
from _ _ A, G, Fe, Co, N, TlI, and Pt dispersed-
in the m xed oxide, and. (3) subsequently coating the internediate |ayer

with a layer of an_.electrode active substance..L The present ipveéntiop is
based on the dt8gdtdmp (T29'7e§°bh Vﬁﬁ@|ﬁwﬂﬁ¥ﬁﬁﬁﬁcﬁuT?EFi%fefn@ﬂiSfeand

| ayer between t jhstr, 1 | | ect e i .anab one to obtain
an el ectrode wﬁ?gﬁiggﬁ BgEZséggR%FEegu?Pi%ﬁgnpﬁgggaggfﬁgy ggaan anode for

el ectrocheni cal(1p) OCRSSERoddedNicel f¥oducing GRNERIL bt AxXYEGBckEode,

i nvol ved. The internedi'ate layer in the present invention is .

corrosion-resigbﬁgkigqggi%hgnggbgcbeqicalIy i nactive. A function of the

internediate layer is t0 protect the el ectrode substrat e, e.g., Ti,
so as gto prevent 10 (1) R@ativngli OBn Oélecthede el enivNeieate W iIdOUL an
reduci ng iI%g..el ectrical conductivity. At t he sane tinme,

t he internmedi akeekaydcaddys condapitdvee meltaladiiehi ansoluktdodi cgnatindéeg t he
base material. and the el ectrode coating.
_ : (i) salt(s) of Ti and/or Sn,

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

. K# from _ — ' : Al, Ga, Fe, Co, Ni and TI1,
‘ 10 And
(iii) a salt of Pt to- provide a coated
substrate;

(2) heating iﬁ. an oxidizing atmosphere the
electrode substrate coated with said solution in step (1),
15 ; thereby forming on the electrode substrate an intermediate

layer comprising a mixed oxide of
(i) an oxide of at. least one member

selected from — - - ." Ti and Sn, and

(ii) an oxide of at 1least one member .

20 selected from : ' _ - A1, Ga, Fe, Co, Ni,
Tl, and Pt dispersed in the mixed oxide, and
(3) subsequently coating the intermediate layer

with a layer of an electrode active substance.

. The present invention is based on the discovery



Accordingly, the present invention provides 15 = electrolytic ’
el ectrodes which have sufficient durability when used in electrolysis for
t he generation of oxygen or electrolysis in which oxygen is generated as. a=

si de reaction. Such processes have heretofore been considered difficult
to”zxformw th conventional electrades.. 20 " The present

"'in¢E§§ion Is explained in greater detail below In the production of the
el ectrode substrate of the present invention, corrosion-resistant,

el ectrically- conductive netals, e.g., Ti, Ta, Nb, and Zr, and their 25
base all oys can be used. ~ Suitable exanples are netallic -8- Ti, and
Ti - base &habdydhe cpyovigionaofy thri intpamedinsr Haxemhebetwesne theen

comonly u The el ectroge gas materi,al can be in any suitable form
gc °§€

d.
such as PHOEKEaks @ngt s Siectsofe, CORRIAT AnaRles, PRE to MM | (ke 5
mber. Th | 1 bsit 1 f th t i i . f 1
Conted uhbn el eatradn, Woten, Chl Be wfad €T sh2ET0se0e Mirabindn’ st
d Nb i d t Q4 i . eshk st di 10
Dot veon BRe SnArodd ol TaEob kP ARnIERLS| Alice e S IR S LE I DY 1D

By ovi ded,80.1-0¢ :8B0%F o S hed jglRAleyde substrate and conprigses a :
conp05|tg ﬁaV|ng Bt g[s%@%%éd In a n1x§%QOX|de of an oxide ofi%gfind/or Sn
-having a val ence n!ﬁﬁ?”iﬁiefhéﬂ@b@@ Qé&@? Oinathe present invention
is corrosion-resistant and is électrochemicélly inactive.
A function of the"interdediate. layer is to protect the -L;)
electrode substrate, e.g., Ti, so as to prevent
10 passivation of the electrode without reducing its
electrical conductivity. At the same time, the
intermediate layer acts to enhance the adhesion or bonding
between thé base'matgfial and.the electrode coating.
Accordingly, thg ~present invention provides
15 | electrolYgic electrodés which héve_ sufficient durability
wﬁen used in electrolysis fo; the generation of oxygen or
electrolysis in wﬁich oxygen 1is éenerated as a side
reaction. Such précesses have heretofore been considered
difficult to perform with conventipnal elecﬁrodes.
20 The present invention is explained in greater
detail below. _
Iﬂ the production of the electrode substrate of
the present invention, corroéion—resistant, electrically-
conductive metals, e.g., Ti, Ta, Nb, and 2Zr, and their

25 base alloys can be used. Suitable examples are metallic



1 5. I'east one-nenber selected from : [err]

A, @&, Fe,

Co, Ni and Tl having a val ence nunber of 2 or 3. An electrolytic
el ect.rode - conprising an el ectrode substrate of an electrically
~conductive netal such as Ti and an el ectrode coating of a nmetal. oxide, 20

~wherein an internediate | ayer of a m xed gxikde of an oxide of Ti and/or

.ﬂ‘ﬂ‘

~and an oxide of Ta and/or Nb is provided between the substrate and the
el ectrode coating is disclosed in U S. Patent Nos. 4,471,006 and 4, 484, 999.

This electrode is resistant to passivation and excels in 25

durability.

The internmediate | ayer used in the electrode - 9 - exhibits good
conductivity ag®ign dmd ype-bagec (lwtoy . eklgugveri-wi+Nte &hd iTi-@dedivatieh

| ayer has limted carrier concentration, further i mpr ovenent W th
respect t o cbadecthedatofeme dbeenedsomnonly used. Thepwlegktrade cbasept

of providing an internediate |ayer possessing much higher

conductivity

than the intenaberind |caperbefinhanyl titedleffeHpsaupRt aft sin t Hae pfesnt

i nventi on

el i mi nates the®8r adbRI@E8 { & eBeBFOrRLS

pat ents
substanée

i nventi on,

Ti

and/ or

10

15

20

25

has

.made it possible_to rodfce an el egtrode which .
%0 ateyo@r 5887 oPL thelgt-like

andnQffers still higher conductivity and durability. As the

to cBR&PPEate the internediate | ayer in this

a C

Sn 15 - -and

I STl

one nenpbe
may be of a type coated with a platinum group metal such

as Pt -_qr a \.ralve 'metal such as Ta and Nb in order to
increase corrosion resistance or enhance the bonding
between the substrate énd the intermediate layer. |

The intermediate layer is provided on the above-
described electrode substrate and comprises a composite

having Pt dispersed in 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 - — Al,

Ga, Fe, Co, Ni and Tl having a valence number of 2 or 3.

An electrolytic electrode comprising an
electrode substrate of an electrically «conductive metal
such as Ti and an electrode coating of a metal oxide,

wherein an intermediate layer of a mixed oxide of an oxide

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

between the substrate and the electrode «coating is

disclosed in U.S. Patent Nos.__4,471,006 and 4,484,999.

 This electrode is resistant to passivation and excels in

: _durability. The intermediate layer used in the electrode



+

from Al, Ga, Fe, Co, Ni and Tl has been denpnstrated to -
suit the purpose of this invention and provide an outstanding effect.

The substance of the intermediate |ayer provides excellent ' Lot
resistance to 20 corrosion, exhibits no electrochemcal activity,.
a ossesses anple conductivity. The term "oxide" or "m xed oxide" is

- to enbrace solid solutions of=n®tal oxides and netal oxides which are
nonst oi chionetric or have lattice defects. As used in this
I nvention, the 25 expression J[err] , "FeO', -10 - [err],

"CoO', [err], "NNO', [err], etc. and the term"m xed oxi de" enbrace solid

| ut f I h t i.d St Qj t
ﬁSVFn'g"P%st?mig%efgeoa@ SRR 55 IR, S B oo RBEShaLERbET™ 1o o
subst anGeouder { 18 1nkl! YHE Y %@:mé&ysee 189edCHed Poth P00 Ccal 188Y

'conblnatlo stantla In a nmetallic form an oxide of a neta

havi ng %d;?éflﬁ‘{:‘faeioﬁ (Tigwselw , Abrdvendnite ofvianmet 2kspavkng goval ence
of 2 or 3 (A, G, Fe, Co, Nl and TI). 10 Specifically, any

of the céﬂd@@lthtﬁeﬁasTaéﬁuéerr] [err]-FeQ - [err]-CoO, [err],
[err]-N O [err], [err] and [err] can be wused ad ageously
tg)achleve an anplnuefﬁantwmerDOQDtnoé\MQQV#ﬁlnﬂs@@rsaueI5e ateherein.

- The proportions of the conponent oxides of the ,
layer possessing much higher conductivity ' than the

intermediate layer of the electrode of these patents, the
present invention has made it possible to .produce an o/
electrode which eliminates the drawback suffered by the

10 electrode of these patents and offers still higher
conductivity and durability.

As the substance to _CUnstituts the intermediate
layer in ' - this invention}-a'composite having
Pt dispersed in a mixed oxide of an oxide of Ti and/or Sn

15 ‘and an oxide of at least one member selected
from - Al, Ga, Fe, Co, Ni and Tl has been
demonstrated to suit the purpose of this invention and
provide an outstanding effect. The substance of the
intermediate layer provides excellent ;ésistance to
20 corrosion, exhibits' no electrochemical activity, and
possesses'ample conductivity. The term "oxide" or “mixed
oxide™ is meant to embrace solid solutions of metal oxides
and metal oxides which are nonstoichiometric or have

lattice defects. As used in this invention, the

25 expression “Tioz“. “Snoz“, “A1203". fGazqs", "FeQ",



.

m xed oxi de are not specifically defined and a w de range of proportions

may be used. For protected retention of durability and conductivity of
the .electrode, . it is 20  desirable for the ratio of the oxide of
tetraval ent "'metal to the oxide of the divalent or trivalent nmetal to .
t he range of about 95:5 to about 10:90 by fibe-nol of netal. The anount | br
Pt to be dispersed in the m xed oxide desirably falls in the range of N
about 1 to 20 mol %25 ~ based on the total amunt of substance
-making up the i-nternediate |ayer. The formation of the internediate

3 h d by th | :
detonposi {1 on "FAZRg! sk G0 Lor %&@?ﬁ‘é Dpe  BEoRnnr y PG -0 AR AT or
containing chlagj fes 8&185‘%?5?5& ﬁf:asoluf{:q QNH s’q?kf"lnﬁeéjé?ﬁtdi‘f‘djeéo

make up the af orénentioned or nedi ate yer to e net substrate and

then heating g, coodsd ;ﬁé'{ééi.f8&§?u.ed%n?%o%ma%%&scofo:amwufa 7] gt LS

at tenperatur err] thereby producing a m xed

oxide. ~Other yethods NBy, bgnedopiedot fedivenie@sired so long as the

method is capable of formng a honpgeneous, conpact coating having Pt

di spersgd ingn el ectropgadugibseance xegE oxhele. intefliyedidee layer, as
af ore-nenti oned thermal deconposition nethod, Ti, Sn, A, Ga, Fe, Co, N
and .Tl are reagédyr tioed eabode | ntis angi rcamrimespiondiof B subsoitiallyhine
Pt is merely ‘deconposed thermally into netallic platinumand is not
converted i nt oa ameballibcaforin . an oxide of a metal hav1ng a valence of 4

C (Ti or Sn), and an oxide of a metal having a valence of 2
~ or.3 (Al, Ga, Fe, Co, Ni and Tl).

10 | Specifically, any of the mixed oxides Tioz-

| Al,0., Ti0,-Ga,0;, Sn0,-FeO, 5n0,-Co0, Ti0,-5n0y-Coy03,

Ti0,-5n0,

-SnOZ-A1203-Ga203 can be wused advantageously to

-Nio, Ti0,~Al,0,3-T1,0;, Sn0,-Ga,03-Fe,0, and
‘rio,
achieve an ample effect when combined with Pt dispersed

15 éﬁerein;-
The progortions'of the component oxides of the
mixed okidé.are.not-specifiCaDJ'defined aﬁd a wide range

N : of proportions may be used. For protected retention of

: durability and conduétivity of the electrode, it is

20 ' desirable for the ratio.of the oxide of the tetravalent
.metal to the oxide of thé divalent or trivalent metal to

bé in the range of about 95:5 to about 10:90_by the mol of
metal. The amount of Pt to be disper;sed in the mixed
oxide desirably falls in the rangelof about 1 to 20 mol%

25  based on thé totalu amount of substénce making up the

intermediate layer.



The anpunt of the substance of the internediate |ayer to be applied to the
substrate preferably exceeds 20 about 5 x [err] nol/[err] calcul ated as
metal .. If the amount is less than about 5 x [err] mol /[err] rentioned*
above)- the internediate | ayer consequently fornmed does not provide .
su ycient effects. The thus-formed_.internediate layer is then -12-
d with an electrode activd MduBstance which is el ectrochem cal ly
actlve to produce the desired product. Suitable exanples of such el ectrode
active substances are netals, netal oxides or mixtures thereof, which
have 5 superi or el ect rocheni cal characteristics and durability. The

type of the activepgdbahaeichn §F daker %&ﬂt?é”h.ﬂ gw 9ePeRdi ng on

the electrolytic reaction in which the electr I's to” be used. Active

subst ancefedef bdé Ulcahl Ybé Uidahirtdqioddls, akgrecdeacrbpednel eghéphyii c 10
processes in which the generation of oxygen is involved include: platinum

group Medé@tompodsiEsiorne thaadwhictezoniprisals rie gstews nef aappkyiing and

val ve netal oxides. Typlcal exanpl es include: Ir oxide, Ir oxide-Ru oxide,

| r oxi dea Tmixeiddesolut bom deofitadniichg, Ehlomdlesﬂoroxotlaerl sal% ofoxide-Ru
oxi de- Ta oxide, and Ru oxi-de-Ir oxide-Ti oxide. The el ectrode ﬁégﬁl ng -can
& for necbmmomeaytsmetwse deghined, toemgke upy the hefm@menﬂb@@ﬁ@om tion,

-el ectrochem cal oxidation, - or powder sintering. A particularly
Su|tab|elnter@@ﬂhaﬁgelayersto phg metpgeﬁmgstrate and then heating

the coated substrate under an atmosphere of an oxldrzlng
gas at temperatures of about 350° to 600°C thereby
producing a mixed oxlde. :Other methods may be adopted if
1d desired so long as the method is capable of forming a
homogeneous, compact coating having Pt dispersed in an
electrooonddcting mixed oxider_- By the afore-mentioned
thermal decomposition method, Ti, Sn, Al', Ga, Fe, Co, Ni
and Tl are readily c.onverted. into their corresponding
15 oxides while Pt is merely de'composed thermall'y into
metallic platinum and is not converted into an oxide at
all. |
The amount of the"substance of the intermediate
layer to ‘be applied to the substrate preferably' exceeds
20 about 5 x 10-3 mol/m2 calculated as metal. If the amount

=3 mol/m2 mentioned above, the

is less than about 5 x 10
intermediate layer consequently formed does not provide
sufficient effects. |

The thus-formed intermediate layer is then



20 . deconposition method as described in detail in U S. Patent Nos.
3,711,385 and 3,632,498. The exact reason why the provision of the

i nt er.nedi ate |layer, i.e., that layer of the m xed oxide of 4-valent a 2-
or 3-valent ‘'nmetals and Pt dispersed 25 therein, between the nef .
el ectrode substrate and the =~ -13- elegtyqQde active coating prod 1y
t he above-described results is not well " understood. However, whil’e

not desiring to be bound the reason is believed as foll ows.

Crystal lographically, it is confirmed that [err], 5 Ga, Fe, Co, N and TI
are in substantially of 6- coordination state and the ionic radii of these
metals in a 6-geatddnawidh Stai e ebegytroddi natbéve angabseianeen twieickal ueésby
about 10% | arger than and the val ue by about 10% smaller than that of Ti or
Sn. Thi s i ndetectsochemicadly0 active xba ddafiucef thee daaiyxed Poedugt.

| ayer of a uniform dense solid solution or mixed oxide conposed. mai nly of
arutile typeSuigabie pﬁ@@@lesfQﬁuﬁP%%cﬁlaﬁtFﬁ@Srﬁﬁﬁ%ﬁﬁa$%SﬁﬁaQﬁﬁ$rg§an
a conposite of Pt dispersed_in sych a m xed, oxid

yuch e has a_ high.
resistance tomeEdlFosi BREalihexiges O, PLIXEUrEP Fﬁ%regﬁbs;ggiﬁh cB#EPed
il oSS Iet b AP e £ Rt col "B B o g, BpgaBiRi GO0
L L L
appropriately depending on the electrolytic reaction in
s : wh@ch "the electrode is to be used. Active substances
particularly suitable for the above~described electrolytic
10 processes in which the generation of oxygen is involved
‘include: platinum group metal oxides, and mixed.oxides'of
platinum group metal oxides and valve metal oxides.
Typical examples %nclude: Ir oxide, Ir oxide-Ru oxide, Ir
. oxide-Ti oxide,'I: 6xide-Ta oxide, Ru oxide-Ti oxide, Ir
15 ‘ oxide-Ru‘oxide-Ta oxidé, and Ru oxide-~Ir oxide-Ti oxide.
The. electrode éqating can be formed in any
suitable ménner, . €.G., by thermal decompositiqn,_
electrochemical oxidation, or powder sintering. A
particularly suitable technique. is the thermal
20 decqmposition method as described in detail in U.S. Patent
~Nos. 3,711,385 and 3,632,498.
The. exact reaéon why the provision of the
intermediate layer, i.e., that layer of the mixed oxide of
4-valent and 2- or 3—va1eﬁt' metals and Pt dispersed.

25 therein, between the metal electrode substrate and the



Pt is dispersed in the m xed oxides. Therefore, according to gene
known principles of Controlled Valency, the internediate | ayer beco
p-type sem -conductor having a very high electrical conductivity. -

Mor er, the Pt 25 dispersed in the mixed oxide confers
eldggyon conductivity to the m xed o |de 14 Also, since Pt is a
“subSfance which offers extrenely hig 3r &si stance to corrosion and h

hi gh potential for the generation of oxygen, it is deficient in

el ectrochem cal activity and generally does not react with 5
el ectrode and, thus functions enhance the durability of
el ectro

|1 I S #g§$g '
even V\hcejér?lee %%%?caﬁﬁ%n ggﬁéugél v%gbdﬁg%gge?hgre or med on t S
of the spired € 18I i i t he TI Oduedd Wt sdd | he alepdvedp opnfilei %1.10

t he use

of the electrode in electrolysis, the 2- or 3- valent neta

rally
mes a

hfgh
as very
t he
t he
rate,
urf ace

| in the

i nt er neci e r 1y eto dbé fmasd atite resmiess ihebdlioxediess sholiownduct ors.
Accordingly, the electrical conduct|V|ty of the electrode is maint
and passivation i Crystahlegtagibically, it is |gordfiidimeédnthathe lr
i ntermedi ate |ayer substance which is conposed mainly of ryp

oXi des HQWAngFﬁtspGPsedN%heﬁéﬁn i eﬁﬁ&ncé@ t rabsdmandiiodlyr AT
-the substrate of), netallic and, the electrode actjv

coat|mgQﬂ°fQQEFt1°$Iﬁ?PﬁEnﬁ&ﬁoﬁ§QH&%ﬂ1?0‘adl10?Fdé§%§ﬁjWﬁ$§k§r%ﬂal

oxi des,

10

15

20

EgcQSQ ?na ane% %e vary within the range between the

value Ey aﬁout lO%-larger than and the value by about 10%
smaller than that of Ti or Sn. This indicates that the
mixed oxides of the metals form a layer of a uniform,
dense solid solution or mixed oxide composed mainly of a
rutile type crystal phase. ‘Since such an intermediate
layer comprising a_'composite of Pt dispersed in such a
mixed oxide has a high resistance to corrosion, the
surface ;f the substraté covered with the dense metal
mixed oxide inte;mediate layer is ©protected from
oxidation, and hence passivation .of the substrate is
prevented.

In the intermediate layer, the 4-valent and 2-or

- 3-valent metals are present simultaneously as'oxides and

- Pt is dispersed in the mixed"oxides. Therefore, according

" to generally known principles of Controlled Valency, the

25

intermediate layer becbmes a p-type semi-conductor having

ai ned

type
bet ween

e

a very high electrical conductivity. Moreover, the Pt

dispersed in the mixed oxide confers high electron

conductivity to the mixed oxide.



durability of the electrode. The present invention is described in
greater detail by reference to the follow ng exanples which are in no way.
intended to |lim.t the present invention. Unl ess ot herwi se i ndi
~herein,” the'ratios are by weight. EXAMPLE 1 A commercially avail abl 7
plate having a thickness of 1.5 mm and 33 -size of 50 mmx 50 nmm was
5 degreased wth acetone. Thereafter, the plate was -
subj ected to an etching treatnment using a 20% aqueous hydrochloric acid
solution maintained at [err]. The thus treated Ti plate was used as an

el ectrode substrate. A mxture of 10% hydrochloric acid mxed 10
solution of cobalt chixlsde, stneeai REngisi10ag/substangy, viiehi upffers
chloride containing 10.4 g/l of Ti and a 10% hydrochloric acid sogutgon
of  chl or opl ae¥fremelychdgbomagifitAnNcd EPI COFrPSioRaandabad Jifhheh¥9

pl ate el ectrode subst{rate and dried. Thereafjier, the plate was_ 15, .
heated for 10 H?E%?Eéa}nfarnﬁpﬁl§QQﬁﬁﬁﬁﬁ?qnﬂ¢u?§¥ﬂﬁP%ulfe+§¥géfﬁﬁf§nt tn

d ted f [ to for ' diat
pLocedure vas {oReRs SOy ptcal| TR B AR DI IAIS Ay chandl vy
/ f _havi | th | ' b t
R e T e e

was -coated on ghe.gbeyesf ogFedidt IRl e | avewnakd hagtadifier £9,ni Butes
in a muffle furnace na|Xta|ned at [err]. This procedure was repeated
example,  is used as a substrate, even when electrically
non-conductivé Ti oxides are formed on the surface of the
éubstrate during the production of the electrode or during

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

valent metal in the intermediate 1layer diffuses and

renders the Ti oxides semi-conductors. Accordingly, the

electrical conductivity of the electrode is maintained and

-passivation is prevented.

15 . __In ‘addition, the intermediate 1layer substance

| which is composed mainly -of rutile type oxides having

dispersed therein ft enhances the adhesion or bonding

between the substrate of, e.g., metallic Ti, ahd the

electrode active coating of, e.g.; platinum group metal

20 oxides and valve metal oxides, and hence increases the
.durabiliﬁy of the electrode.

The present invention is described in greater

~detail by reference to the following examples which are in

no way intended to 1limit the present invention. = Unless



t hree times to produce an electrode” with Ir oxide, cont ai ni ng
3.0g/m of Ir, as an electrode active substance. Wth the
thus produced el ectrode as an anode and gr-aphite plate as a cat hode, .
ac erated el ectrolytic 5 testing was perforned in a 150 g/ |
|c acid electrolyte at [erLrjs —and at a current density of 2
-10 A/ [err]. The results denonstrated that this el ectrode could be used
in a stable manner for 420 hours. For conparison, an el ectrode was produced
in the 10 sane manner ‘as above except that the internediate |ayer did
not contain Pt. This el.ectrode was al so tested in the same manner as
above. olhemesd t dndéganetir abetle {hatt hehirs tdlosc tared d yware igddsi vated in 280
hours and could no | onger be used. 15 EXAMPLE
2 El ectrodes were prepared by following the procedure of Exanple 1,
except that the substance for th& interggdiate | ayer and. that for the-
active coat of electrode were I ndicated in Table 1 bel ow. The

20 h d | b d | d
electrofyg?s p{ggg{e y ég%éﬁfikneﬁgﬁllag#ﬁje@ﬁgcp}a si %ﬁﬁg{ggﬁﬁucted in
50 qa/l f | VA

Fompar atitisRRe ﬁ%er'rtfera’hég PR B T TRy TRt SR
B at nuraefaéetaese?é withS hBgtedklode. rlFeipedt|s ehbAi pAd A € \rhwwn in

subjected to an etching treatment ‘using a 20% agueous

hydrochloric acid solution maintained at 105°C. The thus Ny
ﬁréated'Ti plate was used as an.eléctrode substrate.
A mixture of 103 hydrochloric acid mixed
10 - solution of cobalt chloride, containing 10 g/l_ of Co,
titanium chloride containing 10.4 g/l of Ti and a 1.0%
hydrochloric acid solution of chloroplatinic  acid
containing 10 g/1 of Pt, was coated on the Ti plate
electrode substrate and dried. Thereafter, the plate was
15 heated for 10 minutes in a muffle furnace maintained at
500°C. This procedﬁre was repeated four times td.form an
intermediate layer of a TiOZ-Cozo3 mixed oxide (molar
ratio of Ti to Co = 80:20) containing 0.5 g/m2 of Pt
| having dispersed therein on the Ti substrate. |
20 A butanol solution of iridium chloride
coﬁtaining 50 g/1 of Ir was coated on the above-formed
intermediate layer and heated for 10 minutes in a muffle
furnace maintained at 520°C. This procedure was repeated

three times to produce an electrode with 1Ir oxide,



*

belpw. = - 17 - Table 1 Internediate Electrode Active Service Run No.

Subst at e Layer Subst ance Life (hours). 5 1
Tis . Pt-{err]. [err] 75 (75:25) 2 Ti
Pt-[err] ) ' [err] 80 (80:20) 3 Ti L
Pt-[err] - lerr] 80,40 - %
[err] (40:50:10) 4 Ti Pt-[err] [err] 4
[err] ' (50:50) (80:10:10) 15 5 Ti
Pt-[err] : [err] 38 (70:30) (50:50) 6
- Ti Pt-[err] [ert] 55 [err] (30:70)
(30:40:30) 20containing 3.0 g/ of Im.frlas an electroderrlactive
10 (comnparison) . (80: 20) ' (50:50) Note: The nunerica
val ues gi ven ismbs&amceheses represent nole ratios of conponent netals
excluding Pt. The anount_ of Pt in the 25 I nt er nedi-at e

| ayer was 0.5 g/[err] f Withgdhe thus-produced electrode as an anode and
.~ graphite plate as a cathode, accelerated electrolytic
5 h‘EgSting was performed in a 150 g/1 sulfuric acid
.-eiectrolyte at 60°C, and at a current density of
- 100 A/dmz.. The results demonstrated that this electrode,

W, §ould Se uséd.in a étable manner.for 420 hours.
~ .For comparison, an electrode was produced in the
10 same manner as above except that the intermediate layer

'did not contain Pt. This electrodelwas also tested in the
same manner as above. The results demonstrated ﬁhat-this
'electrode.was passivated in 280 hours and could no longer
"be usedf

15 - EXAMPLE 2
| Electrodes were prepared . by follo&ing the
procedure of Example 1, except that the substance for the
intermediate layer and that for the active coat of
eieéfrode_wefé varied as indicated iﬁ Table 1 below. The
20 thus prepared electrodes' were subjected to accelerated
electrolysis testing for performance. The electrolysis
was conducte¢ ‘in an aqueous 150 g/liter sulfuric acid
. solution as the electrolyte at a temperature of 80°C, and
at a current density of 250 A/dmZ; with a platinum plate
25 - as the cathode. The results obtained are shown in Table 1

below.



el ect

t hat

copta
ﬁéﬁ? rability _tqgn_ the el ectrode (conparison)
i rporating a.conventional |ayer which did not contain any Pt.

3 An

80: Ni

rode. The anmount of the el ectrode active substance was invariably 3
g/[err] as netal -conponent. Fromthe results in Table 1, it can be seen

el ectrodes of this invention incorporating .
| ayer had a decisively longer service life

30 t he

kFNning internediate
hi gher du

eXhi bi t ed

el ectrode

20 by netal

was

g/[err]) was used as

was conducted. The electralysis testing was carried out

a

i Pt -

EXAMPLE

prepared by following the procedure of Exanple 1,
except that a mxed oxide of [err] N O having Pt disp ersed therein (Sn
ratio, with Pt dispersed at a ratio of 1.3

nmole 5

t he

internpghie 1 | ayer and simlar

testing

i n an aqueous 12N

NaOH sol ution at.a tenperatur @ngerinedihtandEdectroder aatigensidervice50

Al dn?2 w tRuma N at | rBubsitaite used Hdyer
a service li1fe of 38 hours.

as the gwdwaiece Thi s el gdifeode had
Anot her el ectrode was prepared for(ltompsy i son

by repeating the sanme procedure, except that the Pt was omtted fromthe
i n? er medi ate } ayer.

|ife of 22 hours.

T s el RETDHR21AX2Q@npari sodrPad 15
Thus, the el €R¥%e of this invention was Negp

to have very high durgbjlity as conpared wi th the other elect r--o-"a'%,o

10

15

20

25

30

3

7

(comparison)

the electrodes

Note:

Ti
Ti

Ti

Ti

Ti

The

£-T10203~Fe203 IrOp
(80:20) '
Pt—TiOz—Con3; Ir02
. 8n02 -
(40:50:10)
Pt-TiO2-A1203- RuO2-Ir03
Gag03 (50:50)
(80:10:10) :
Pt-Ti03-T1,03 RuO2-IrOy
(70:30) (50:50)
Pt-TiO2-A1l,03~ Ru032-Ir0y
Fej03 (30:70)
(30:40:30) .
TiO3~Al1l503 Ru03~Ir0y
(80:20) ' (50:50)

numerical values given in parentheses

represent mole ratios of component metals
excluding Pt. The amount of Pt in the
intermediate layer was 0.5 g/m2 for each

- electrode. The amount of the electrode
active substance was invariably 3 g/m2
as metal component.

80

45

38

55

10

a 9érvice

nstr at ed

From the results in Table 1, it can be seen that

of this invention incorporating a Pt-

containing intermediate layer ‘had a decisively 1longer

service 1life and exhibited higher durability than -

the

electrode (comparison) incorporating a conventional layer

which did not contain any Pt.
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- 19 - CLAI M 1. An el ectrolytic electrode conprising: (a) an

el ectrode substrate of an electrically-con- ductive netal; 5

(b, .an electrode coating of an electrode active substrate; and (c) an
internedi até | ayer provided between the el ectrode substrate (a) a hg_
electrode coating (b), wherein said i ntetfediate |ayer (c) conpris "
m xed oxi de 10 consisting of: (i) an oxide of titaniumand/or tin, each
havi ng a val ence -nunber of 4, and (ii) an oxide of at |east one of
alumnium gallium iron, cobalt, nickel and thallium each having a

val ence 15 nunber of 2 or 3, an xgﬂggﬂygnndispersed In said m xed

oxi de. 2. An el ectrode as cl ai ned 1, wherein said el ectrode

substrate (a) is onepapf eidd@bddn whaNt BkdBhrBEODLYM 118G WROT
an alloy thereof. 20 3. An el ectrode as clained in Claim1 or 2
wherein said i &!é@ﬂ@t@f|E&'&ﬁpi@)lPwﬁéé?estﬁatebeﬁﬁkéaoaﬁuﬁbl \GE 18
oxide of (i) TiO2 and/or SnQ2 and (i1) at Teast one oxide Selected fr
[err] 25 FeRo [ia¥ing (PO, diepelseli @hardiner(Sh 8andiPR20dibyperetexd ino k=i d
m xed oxi de. 4. " An electrode as clained in daim1, 2 or 53, wherein

5 wawitio, with Pt dispersed at a ratio of 1.3 g/m") was used

“"as the intermedite 1layer and similar testing was
conducted. The electrolysis éesting was carried out in an
agueous 12N NaOH solution at a temperature of 95°C and at
‘a éurrenﬁ densify of 250 A/dm2 with a platinum plate used

10 as the cathode. ) |
This electrode had a service life of 38 hours.
Another electrode was prepared for comparison by repeating
the same procedure,_except thét the Pt was omitted from
the intermediate layer. This electrode for comparison had
15 a service life of 22 hours. Thus, the electrode of this
invention was demonstrated to have very high durability as

compared with the other electrode. -



said el ectrode active substance contains a platinumgroup netal or an ‘oxide-
t hereof. 30 5. An electrolytic electrode as clained in Caim

1, substantially as hereinbefore described in any of Exanples I to-4 apart :
fr he conpari son runs. 6. A process for ' | rolytic
el @ode, conprising the steps of: - 20 - (1) ’mﬂmﬂﬂﬂlﬂ:ﬂl‘” (rode
subs*¥tate of an electrically conducti V& et al W th actsokutwons C ai ni ng
(i) salt(s) of Ti and/or Sn, (ii) salt(s) of at |east one netal selected
from - ACLAI®®, Fe, Co, N and TlI, 5 and
-(i1i) a salt of - Pt, to provide a coated el ectrode sub- strate; (2) heating
I n an oxi,di zi ng at r el act S rate cqQated with said

sol ution 1i'n st ep%ﬂ%ﬁﬁ]}:trr:qbly‘:ﬁ& r%q(r;eé:-rt%%edseai g’-%iplfgssﬁrngt'e an internedi ate

| ayer as defined (B0 anneleatmprde Gubtstraie (8 sobsdeudmtiopldyattiong sai d

i nt er redigt g shAY & tvglt;h a layer of an electrode active substance. 7. A
process as claineg In"Claim6, wherein said coating of the internediate.
|lay8r with said dibdct rodelestirpdesupoating sehincan | l@atmade ogctiyet her nal
deconposidybdtrate; and A process as clained in Caim?7, wherein said inter-

nmedi ate | ayer is fcsrrred by, heatin trée ioated el ect.rdode:%u Strajesin an

oxi di zi ng at m)spl{é‘re & a%\lher 24 [F@YET gProvided ,beluseniEthe,i ned

in Clai meleckrodeor stibstirarte n(a) and the electrode coating (b),
wherein said intermediate layer (c) comprises a mixed oxide

10 consisting of: _ .
(i) an oxide of titanium and/or tin, each Hauing \_)
a valence number of 4, and
| (ii) an oxide of at least one of aluminium, gallium,

iron, cobalt, nickel and thallium, each having a valence

15 number of 2 or 3, and platinum dispersed in said mixed
oxide.
2. An electrode as claimed in Claim 1, wherein said

electrode substrate (a) is one of titanium, tantalum,

niobium, or zirconium or an alloy thereof.

20 3. An electrode as claimed in Claim 1 or 2, wherein
said intermediate layer (c) combrises an electroconductive
mixed oxide of ' |
(i) Ti0, and/or Sn0, and _ )

(ii) at least one oxide selected from A1203, Ga,0,

25 FeO, F9203, Co0, C0203, NiQ and T1203, and Pt disperséd in
said mixed oxide. '
4, An electrode as claimed in Claim 1; 2 or 3, wherein
said electrode active substance contains a platinum-group

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.

6. A process for producing an electrolytic electrode,

comprising the steps of:



€ .

20 + said electrode substrate is one of tiLa“L“ﬂl—~L§ﬂ£%%gﬂl#2iObi“m
oi zirconiumor an alloy thereof. 10. A process clai tn Cl ai m
6,*7,.8 or 9, wherein said electrode active subst um | ati num
group netal “or an oxide thereof. 25 11. ve' g’gl med
"!Eib

CGaim 6, for producing an electrolytic el ect rodé, Lsubstan 1y
her ei nbef ore described in any of Exanples ®kgta 4 apart fromthe conpa
son runs. 12. An electrolysis process .wherein an electrode as 30
clained in any of d E(I1FBB chaltiny @n mEde thyhde RUBCETStaS ofl ained ek raky 19k

Gaims 6 to 1% ndué%lve metal with a solutlon containing (i) salt(s)

of Ti and/or Sn, (ii) 'salt(s) of at least one metal selected

from _ Al, Ga, Fe, Co, Ni and T1,
5 and (iii).a salt of Pt, to orovide a coated electrode sub-
| strate; '
— (2) heating in an oxidizing atmosphere the electrode

subétrate coated with said solution in step (1) thereby
_ forming on said substrate an intermediate layer as defined
10 in Claim 1 or 3; and
(3) subsequently coating said intermediate layer
e 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-

15 stance is carried out by thermal decomposition.

8. AR process as claimed in Claim 7, wherein said inter-
mediate layer is formed by heating the coated electrode
substrate in an oxidizing atmosphere at about 350° to 600°C.

g. 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 8, 7, 8 or 9,
o/ wherein said electrode active substance contains a platinum-
group metal or an oxide thereof.

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

son runs.

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

claimed in any of Claims 6 to 11 is used.




