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ELECTROLYSI S ELECTRODES 21344544 This invention relates to
el ectrol yttc el ectrodes which exhibi-t outstanding durability in the
el ect sis of an aqueous solution such as is liable to entail 5
gener of oxygen at the anode. The invention also relates to a
proces or the production of such an el ectrode. Heretofore, electrolytic
el ectrodes  having a sub- strate.formed of; a valve metal, such as titanium
(T| ), 10 tantalum (Ta), ni- obi um (Nb), zirconium (Zr), hafni u@%#fc# ﬁgd‘%
gcglun1(V) nol ybdenum (M) EURCTROLYSIS BLBCTROBES proved out St S
ble nmetal el ectrodes and have been enployed I n various
electrochenlcal fiel ds.ThPes tinvdrtrion ineltdtes nduselieak rellgctitokYstErofies
comon 15 salt, these el ectrodes have been found extrenely useful as
anodes for the gewﬂﬂ%ﬁhcﬁﬁﬁﬁbkﬂﬂQﬂﬁ&ﬁ@ndimés@uwebaﬂléVecnrbdeseaeetgen¢s3$Iy
obt ai ned by coating.a. titanium substrate with various electro- chemcally
Cactive substances Qﬂﬁﬂﬂ?ﬂ?§nﬁﬁﬂ%£HQEuﬁP°20as igr dipbhet bPsevtabdki des

t her eof . eIe é¥§%ldlsglosed in g %h t 3, 632 498 and U. S. 25
2 Patent 3, 71 M % BVER é ?h@EB & ec- F?oa%genbb??léhﬁ%rly
when used for the r&ﬁrﬁégl Ongprfqra:le%r' M3r She GABARLEiISL LFTELOLNg,a low

chlorlne overvoltage for a
electrode.

Heretofore, electrolytic electrodes having a sub-
strate formed of a valve metal, such as titanium (Ti),

10 tantalum (Ta), niobium (Nb), zirconium {Zr), hafnium (Hf),
vanadium (V), molybdenum (Mo) and tungsten (W), have
proved outStanding as insoluble metal electrodes and
have been employed in various electroéochemical fields.
Partlcularly in the industrial electrolysis of common

15 salt, these electrodes have been found extremely useful
as anodes for the generation of chlorine.

These metal electrodes are generally obtained by
coating a titanium substrate with various electro-
chemically active suﬁstances represented by platinum-

20 group metals or oxides thereof. The electrodes

disclosed in U.S. Patent 3,632,498 and U.S.

25



° . - When such a netal electrode as described above is adopted as an
anode in electrolysis intended for or entailing generation of oxygen, thg
overvoltage of the anode is gradually raised. In an extreme case, thigsise
of overvoltage may cause a severe probl err?i n 10 that the anode wi | IL X
passi vated and prevented from continuing ellectroysis any further. This ~
phenonmenon of the passivation of the electrode is believed to be best

axpl ai ned by a postulate that .the Ti substrate is oxidized by the oxygen

i ssuing fromthe oxide coat 15 itself of the electrode or by the reaction
of \thie sub- strat @atiehtt the7Ik)385 aret famdilléarolexamplesnieatlhese felemat
and reaching the substrate. Consequently, a non-conducting Ti oxide coating
forns on the substrodgse. paptigulasiicewheme usash- £oFduEhengIeRsFafelon s 20
formed in the interface between the suggﬁrate and t.he coat -of t

electrode, a furOferchickifiemtafe FEPARIEST FEHRININ% 1AL § Finke
coul d possibly cause_the. el ectraod eparate fromthe sub- strate
and eventual |y rer?é(glr'vto_ é:agﬁegf’?ogef%géméle eZ'I y 25  unservi ceabl e. _

El ectrol ytic processes wtnhg\Mgheg. hfe?aq0R18ERFHAE bS QLYES8Ibed Cdbdwe WX Ch

oxygen is generated at anode as a side reaction, include: (1)
el ectrol ysi s usi nhgopreld§ Uis C adCidhddd hinaelettirolgeis Hatkendebkadr bat hs

or the like; (2) electrolytic separation of Cr,

entailing generation of oxygen, the overvoltage of the
anodé is gradually raised. In an extreme case, this
rise of 6vervoltage may cause a severe problem in
10 that the anode will be; passivated and prevented from
continuing electroysis any further. This phenomenon
of the passivation of the electrode is believed to be
best explained by a postulate that the Ti substrate is
oxidized by the oxygen issuing from the oxide coat
15 itself of the electrocde or by the reaction of the .sub-
' strate with the oxygen or the elecrolyte permeating
the coat  and reaching the su_bstrate. cOnséquently,
a non-conducting Ti oxide coating forms on the subs-
trate. Also, since the ndn—cbnductinq oxide is
20 -fprmed in the interface between the substrate and
the coat of the electrode, a further disadvantage
.may ‘arise in that the oxide interface could possibly
cause the electrode coat to separate from the sub-
strate and eventually render the electrode ‘completely

25 unserviceable
Electrolytic processes in which the anode product

is oxygen, or in which oxygen is generated at the



Cu, Zn or the like; (3) various forns of electroplat- 5 -ing; (4) %
el ectrol.ysis of dilute brackish water, brine water, hydrochloric acid or
the |l . and (5) elec- trolysis for the production of chlorates. To*

dat e, ver, the problem nentioned abow has 10 -been a serious obstacle
to the®effective use of netal electrodes in these industrial fields. As a
solution to this problem a technique of preventing the electrode from

bei ng passivated due to the pernmeation of oxygen is described in U.S. 15

‘Patent 3, 775, 284. his technjgue involves i,nterposin etween the . o
conduct i ng- subst 392 aAf t%é%‘g%t ISACERRRe| é‘EFi&&?’a g&Bri_ qrgtﬂBTYsr""& ned\’

f Pt-1r. all | I hadis
(P, Tead ( Py oing R SRR £908 Bt ln AR 54 HRen D UnGe T
the interposed bgpehser baVehe 1PkEPE2 FXFdltrdl AR SRt dd YR & N9

di spersed into the substrate during electrolysis. Nevértheless, the sub-

stances of the bed[i2h |6Feth®obikeés 3§ ardritags efomis & £ @lertmplet-
activity and, therefore, react with 25 the el ectrolyte perneating the

coat of the sel ecinggde(andepectrodysiecofoldillutepbaanikish aiaker gdsinen t he

surface of "the interposed barrier layer. Thus, there 4 ensues the
possi bility thatwakerphpydsechirgichadid okt Fhaslikeshand &) qlrG
product will inpair_the ti hesi_on of .t.he co t'-he.‘gl ectrode to the

t::olgs;s Jg.gxt: e proé%lction o%t_ (_)_ orates.

To date, howéver, the problem mentioned above has

10 been a serious obstacle to the effective use of metal
e_lectrodes in these industrial fields. N | ..

. As a. solution to this problem, a'technique of
preventing the electrode from being passivated due

‘to the permeation of oxygen is dgscribe_d in U.s.

15 = Patent 3,775,284. This technique involves interposing
between the conducting substrate and the coat of the
electrbde a barrier layer formed of a Pt-Ir alloy or.
an oxide of cobalt (Co), 'manganese (Mn), palladium
(Pd), lead (Pb) or platinum (Pt). The substances -

20 = which constitute the interposed _barrier._lay.er to some
exteﬁt, pfevent oxygen from being dispersed into the -

substrate during electrolysis. Nevertheless, the sub-

stances of the barrie.r layer possess a fair degree of
electrochemical activity and, therefore, react with
25 the electrolyte permeating the coat of the electrode
‘and produce électrolyti_c products, e.g., .gas, on the

surface of the _ix;terposed barrier layer. Thus, there



substrate and cause separation of the coat of the 5 el ectrode fromthe

substrate .before the service life of the substance constituting the t. of
the eléc- trode is exhausted. Additionally, the barrier layer itself uses
problens in that it prevents the el ectrodegfrombeing sufficiently Sy

corrosion-proof 10- Thus, the solution produces a new problemand fails .

to. provide lasting protection for the electrode. U 'S Patent 3,773,555
discl oses an electrode which is coated with a | am nate conposed of a

| ayer of an oxide, such as of 'Ti, 'and a |ayer of a platinum 15 roup
metet or an oxieRsuescithef possibiid ity dhatodthecpbyshcEdsandashenscal

.di sadvantage in that.the el ec- trode underﬂo,es passi vati on when used in

el ectrolysis in WAFEHOBRY Fhe iegéf‘%ﬁ’él}. g productrpElld ckmRRLiF nbBat | on

is intended to ov. t hove- descri bed_probl ens. 5 The

above- descri bed ogf'é@g‘s? ahdgl‘\%esql? en°grets&’§cc'5?ﬁ£ng° o%ﬁe efesthnds enthen by
an electrolytic - hayd 19 nd | apt.al ,gu S LL.a h
substrate, and, %%%%ggﬁ Eéei%‘%/]veec%utg %e gﬁ%é??g?ghaf t %ehegl ‘e%% F’o}eé_ 5§he
coat, an intsrnedebéctioder fhom NhePt sdbspPeated before K5d 9XiHEc£0D8Est i Ng

of. an oxide of at |east one netal selected fromTi and Sn, each having a
val ence of 4, andfinthe dsub$tance egshstituting tiee ecpad fofonHe abecdb,
each having a val ence of 5. ' '
trode is exhausted. Additionally, the barrier layer
itself causes. problems in that it prevents the
.electrode from be:i_.ng_ 'sufficiehtly corrosion-proof
10 Thus, the solution produces a -new problem and fails
to provide lasting protection for the electrode.

U.S. Patent 3,773.,555 'di'scloses an electrode
which is coated with a laminate ébmposed of a layer of
an oxide, such as of Ti, and a layer of a plétinum-

15 group metal or an oxide thereof. This electrodé
nevertheless has' the disadvantage in that the elec-

trode undergoes passivation when used in electrolysis

in which oxygen is liberated.

20 ©  The present invention is intended to overcome the

above-described problems.



10 The aforenmentioned internediate |ayer is highly corrosion-proef, ,
possesses extrenely | ow el ectrochem cal activity and fulfils a main
func@n of protecting the el ectrode substrate, such as of Ti, thus f s
prevgiwl ng the el ectrode from bei ng passi vat ed. Beside the nmain 15

function, the internediate |layer fulfils the auxiliary,functions of

conf-erring good conductivity upon thesel ectrode and producing a powerful o
uni on between the substrate-and the coat of the electrode. An electrode in ot
accordance with this jdnvention,, 20 .. therefaore,, has le durability when ; -
used in an el ectro- | ﬁ.@&ﬁwﬁfgg?CF&PePhgbdgﬁéPaPF3ﬁ §$95X$3§n %ﬁoﬂén%ﬁl \~J_
entail's a secondyl y4Laptddund BRIHRG BYY4ANe18Prol Pt IBCe PECHREY

i nvention mﬁll-ﬂgaﬂbe descri be % n n&re ?§ta?l? TEePgugstra?e g? t %

electrode in thehd¥BREM doNRMUINE MY aNE stiedeasl T2 88nEhet sBPstrate,
corrosion-proof 5 metal such as Ti, Ta, Nbo, or Zr or an alloy based on

such a nmetal . Thendptialtetipodl ttetwBenbated sabsoyateuahdashdi ellec tdodmd
Ti - Pd whi ch have found w despread acceptance to date are suitable for use
in. the prep- areadton af iMtermesdats daye® having Thi dispessedtEnnpny be

formed in the shape of a plate, a perforated gLate, a bar, a net_or
in any other dedt¥¥&f é’d‘dﬁ& CRARUSRA 19f, aPhPsidEnef atelRayt one metal

. selected from Ti and Sn, each having a valence of 4,
and an oxide of at least one metal selected from Ta and
Nb, each having a valence of 5.

10 The.aforémentioned intermediate layer is highly
corrosion-proof, possesses extremely low electrochemical
activity and fulfils a main function of protecting the
electrode substrate, such as . of Ti, thus preventing
the electrode from being passivated. Beside the main

15 . function, the intermediate layer fulfils the auxiliary
functions 6f conferring good conductivity upon the
electrode and producing a powerful union between the
substrate and the coat of the electrode. .

An electrode in accordance with this invention,
. 20 therefore, has ample durability when used in an electro-
lytic process for the generation of oxygen or which

entails a secondary reaction liberating oxygen.

25



be coated in advance with a platinumgroup netal such as Pt or a valve

layer. Onto this substrate there is superposed an inter- nediate |ayer

netal. such as Ta or Nb for the 15 pur pose of making the el ectrode
corrosi on-proof or providing i mproved adhesi veness with the internedi

)

having Pt dispersed in a m xed oxide 20 consi sting of an oxide of Ti

and/or- Sn, each having a valence of 4, gand an oxide of Ta and/or Nb, each

having a val ence of 5. This {navéntion has been nade on the basis of the new

;appreciation that the i'nterposition 7 of this internediate | ayer between

t fe—substrate and the coat of the el ectrode enables production of an

el ectrode which excel s, n caonduc |v.|t atrr}.'d rovgi extr usefg as an
anply durabl e anode p G chresen 3 tt”tﬂ'ﬁ/ % pEEEERedh i,
proceeds with |i i:ﬁ% f oxygen. The i nventors fornerly perfected an
el ectrolytic el e?ﬁtgéde alq'c]h’ uses a conducting netal such as Ti as the

substrate therefor andrialsuplshiratraubstr aie Welb&ctrdfe  ifP! ghe 0prdenthi Ch

el ectrolytic electrode is charac- terized by interposing between the
substrate and t heimwaitivn tihayebectmaite aff anicendaditing lcosiompdooff a
m xed oxi de consisting of an oxide of Ti~ and/or Sn and an oxi de of Ta
and/ or Nb. Ti5 s ewetalk csychcassTi, eTact Nbde A5 Zif ser oardalhorhdaseddiony

U. S.
such a metal. The metal Ti and the Tl-based alloys

such as Ti-Ta-Nb and TJ.—Pd which have found widespread
acceptance to date are suitable for use in the prep-
aration of the substrate. |
10 This substrate may be formed in the shape of a
| plate,_ a perforated plate, a bar, a net or in ény
other desired shape. Additionally, this substrate may
be coated in advance with a platinum-group metal such
as Pt or a valve metal such as Ta or Nb for the
15 purpose of making the electrode more corrosionsrproof or
providing improved adhesj.veness with the intermediat_:e
layer.
onto this substrate there is superposed an inter-
mediate layer having Pt dispersed in a mixed oxide
20 consisting of an oxide of Ti and/or Sq, each having a
valence of 4, and an oxide of Ta and/or Nb, each

having a wvalence of 5. .This invention has been nade

on the basis of the new appreciation that the interposition



Patent Application Serial No. 521,764 filed on August 9, 1983. This.

el ecy ooe possesses resistance to passivation and excels in durability. The
inte edi ate | ayer used in the el ectrode exhibits good 20 . conductivity .,
as an type sem conductor. However, sinde the internedi ate | ayer has a
limted carrier concentration, the opportunity existed for further

| nprovenent with respect to conduct|V|ty OnM ng to the conception of
provi di ng 25 an internediate |ayer possessing much hlgher conduc- t|V|ty \#

R R T aéﬁ‘cs%s‘g?jégé";%‘i’afeéh st rhaCsfibgrERake. A0 O
dr awback Sufferqﬂ;ﬁggae fo¥ MBhei ﬂbst ea@haﬁi@ésg%uhhd%ah

conductivity and Inity. As the ance to nak thelnterneaﬁlateS

| ayer provided electrddd hwmmvestt:ema, i C@ﬁmﬁﬁﬁewl gdt ptotesr sed
in a m xed oxide consisting of an oxide of Ti and/or Sn and an oxide of Ta

and/ or Nb has bemtrdamiktnaefult @suan @Emplyurduosablod ahodei paemticar and
mani f est an_outstanding effect. The 10 . substance of the internmediate
layer of fer - exdeflaht iR e 30s @hRERI TEHG REQFESxWhbrRsPRECerdst Washeni cal

ﬁg;hrl:g{eﬁggaggJﬁgﬁéﬁgﬁgfgﬁg %ﬁggﬁC;Lgl;gnstgrghfggglrrlxg? ggbgela{flce
defects.. _The inwentors:fo:merly perfected an electrolytic '
electrode which uses a conducting metal such as Ti as
the substrate therefor and coats this substrate with a
10 metal oxide, which ele;trolytic.electrode is charac-
terized by interpbsing between the substrate and the
coat of the electrode an intermediate layer formed
of_a'mi#ed oxide consisting of an o#ide of Ti and/or
Sn and an oxide of Ta and/or Nb. -This electrolytic
15 electrode is disclosed in the pending U.S. _
‘Patent Application Serial Né,_ 521,764 filed on
August 9, 1983. This electrode possesses resistance
- to passivation and excéls in durability. The inter-
:'mediate layer used in the electrode  exhibits good
20 qonductivity .as an N-type semiconductor.: However, -
since the_.: intermediate layer has a limited carrier
- concentration, the _opportunity existed__for further
improvement with respect to conductivity.
Owing to the conception of providing
25 an intermediate layer possessing much higher conduc-
tivity than the intermediate 1layer of the former

invention, the present invention has made it possible



15 + As used in this invention, the term"m xed oxi de" enbraces those
metal oxides represented by TiJerr], Sn(err], Ta[err]Jerr], etc., fo--g_
t e sakKe of conveni ence. The substance of the internediate |ayer, as _
descri bed above, is substantially a conbingtion of Pt 20 inametallic:-
form an oxide of a metal (Ti or Sn) having a valence of 4, and an oxide of
aaretal (Ta or Nb) having a valence of 5. Specifically, any of the nixed
Oxides Tierr]-Ta[err]O[err],- Tiderr] -No[err](err], Sngerr]
-Ta[err]err] SnderriNb[errjJerr], Tiderr]-Sngerr]-Ta[err]Jerr], 25
Ti %’ér r] -Sng err]tobprodickean] elect¥odd ewhichabtimjinhees] the[ arayBAek’ ] .

-T - Nb 0 d Tigerr]-Sngerr]- Ta[err]Jerr]
PNbl or 1] Clorr] GareBELERM RN akbagEoBIex { Ghvenitios: and ipferst {=tillnen

conbined with Pt di spersed therein. The proportions of the conponent
oxi des of the m'ngal@?ﬁec%%"WeéPai @'éﬁ-lg’-h’e?Yﬂed_ and rrgy bedf i xed ![ n
a w de range. For protgac re ' of_the _durabili and _conductjivity
of the electrode, it 5 Aéi S ges?ﬁxgg%éﬂgg 5% fnﬁger a??ol%% tﬁﬁtﬁﬂ' 1%?'?8;
tetraval ent ngtal igydbe fpddaedl the gent e v@{tg. ;N 5he i €4 .
1aydpe moviae 2 o?y%t tritcz)1 be orl, 2 c‘?@ e

: 5to 10 : 90 by netal nole. The anoun | Sper sed e m xed
oxi de desirably fahdwing Pbedispersed inte hOxenl YxbasedoAsidlingtde 4wt al

anount of the subtance naking up the inter- nediate |ayer.* The formati on of
the internmedi ate |eXide i afi 5. and/or Sn and an oxide of Ta and/or Nb
has been demonstrated to suit the purpose of this
invention and manifest an oﬁtstanding effect. The
10 substance of the inte}:mediate iayer offers e:;cellent
resistance to corrosion, exhibits _no' electrochemical .
activity, and possesses ample conductivity. The term:
"mixed ‘oxide" is meant to embrace metal oxides
which are nonstéichiometric or have lattice defects.
15 As used in this invention, the term "mixed oxide”
embraces those metal oxides represented by Tioz, Snoz,
Ta2°S’ etc., for the sake of convenience.
The -subs'tance of the intermediate layer, as
described above, is substantially a combination of P‘t;
20 in a metallic form, an oxide of a metal (Ti or Sn)

having a valence of 4, and an oxide of a metal (Ta

or Nb) having a valence of 5. .

. Specifically, any of the mixed oxides 'rioz-'razos,
T1°2'Nb2°5_" SnOZ-T'azOs, SnOz-NbZOS, TiOz-SnOZ-TaZOS,

and 'inoz-Snoz-'133205"-Nb20_5 can be used advantageously
to manifest an ample effect when combined with Pt

dispersed therein.



el ectrode is advantageously effected by the thermnal

whi ¢

chl € Nes or ot

'*ntIOHEd i

her salts of conponent netals destined to nake up the

nternedi ate | ayer to thegretal substrate and then heating

deconposi ti on nethod .
.conprises the -steps of 15 applying a mxed solution containing

1Y

- the coated substrate under a bl anket of oxidizing gas at-tenperatures of. 20
~about 350[err] to 600[err]C thereby producing a m xed oxi de having Pt

di spersed therein. Any other. method nmay be adopted instead insofar as the

met hod is capabl e of formng:a honbgeneous, conpact: coat having Pt
di spersed in a conducﬂthmgpnon@dthwe °ﬂ3yth1=e components oxidast o Hnstie

t her nal

deconposi tion nethod, Ti,

-

_ ™
o/

Ta, ,and Nb are readily converted into

correspondi ng oxXpirad wARLge parnes %Feﬁ?eﬂégbﬁﬁéigdqqfél“ﬁﬂl 13r4 Y nBeal | i c

-~ 10 plati num and
substance of th

desirably excee

anount

is less t

ef%’fﬁ ¢ gt

not . convert&d into _an |de at

&, sAnds® D Bar ofteficted "EefdRtitn or
80kl 0 188U AR 6F TR Bkerobl

ower"limt nention

consequent | g for{edgukivabdb! do0 FoRi frasd rheisl foxCt thef xiigeNtd . the

Subsequent ly,

an el ectrode active substance pos- sessing el ectrochem cal

nt of _the

activity is supetenssdlent hamet@l ot cthedictide | aferthevhipentakaieniteen

f or med

on the

10

substrate as described above, to conplete an el ec-
metal in the range of 95 : 5 to 10 : 90 by metal mole.

The amount of Pt to be dispersed in the mixed oxide
desirably falls in the range of 1 to 50 mol% based on
the total amount of the subtance making up the inter-

.mediate layer.

15

The formation of the intermediate layer in the
electrode .is_- - advantageously effected by the thermal

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 intermediate layer to the metal

.20 -

substrate and then heating the coated substrate

under a blanket of oxidizing gas at temperatures of

.about 350° to 600°C thereby producing a mixed oxide

having Pt dispersed therein. Any | other method may

- be adopted instead inso_faf as the method is capable

25

of forming a homogeneous, compact coat having Pt
dispersed_ _in a conducting mixed oxide. By the afore-
mentioned thermal de;:omposition_ method, Ti, Sn, Ta,
and Nb are readily cqnverted_: into corresponding oxides

while Pt is merely decomposed_ thermally into inetallic

i nternedi a e Iayer



trade. As the substance to formthe coat of the electrode, a netal, a
net al, oxide, or a m xture thereof which excels in electrocheni ca

peopefties and 15. i'n durability can be advant ageously used. Fron1az§12?ff

t he vari ous substances whi-ch fulfill this % qui renent, a suitable sub
may be selected in due consider- ation of e electrolytic reaction for
“which-the electrode is desired to be used. Particularly suit- 20 abl e

%Yor the aforenentioned

of oxygen are oxi

oxXi~efes wi t h oxi deplaetinumalans nks ahotAsonyertad dnmplars okidechtoxdldes,
there may be cited Ir oxide, Ir oxide-Ru 25 oxi de, Ir oxide-Ti oxide,

des of- platinumgroup netals or m xed oxi des of such

" oxi de-Ta oxi de, R¥hgxiageunt; ofithe substange Rf othecdintemediate dayRr

oxide-Ir oxide-Ti

ce’

el ectrolytic process which proceeds with I|'i beration

Ir

ide. Of " th b - sinil
dissimlar, may b&ggb‘;ﬂeiw%ég&%gr &3?@256‘%9% sta%;; ?S}sdfzgqrfé'ygeur’?.ee?%; met hod

for formng the el gal,k0Ge 1CORL %'bs-Zn ols/tﬂﬁci&l:c)ﬁ&rea%gtdr ia%?'%étal.An)ifofﬂ-{{g

various known 5
el ect rochem csl

‘Patent 3, 632, 498.

10

15

20

25

met hods such as the erma conposi t1 on net hod

i Qhodati G 18490€hanaRthe RfrerP QSR HHEdraa EIdRAR, My
be suitably adopted. Particu- larly desirable is the thermal deconposition
met hod whi ch i s dithel dssrérmedisite | layet) SonSatreentBy 7férm€d #Q11 faid U S

No definite theorg has yet been established to
to manifest its effect sufficiently. - :

Subsequently, an electrode active substance pos-
séssing electrochemicé{ activity is superposed on the
intermediate layer which has been formed on the
substrate as described above, to complete an elec-
trode. As the substance to form the coat of the
electrode, a metal, a metal ‘oxide, or é mixture
thereof which excels in electrochemical properties and
in durability can be advantageously used. From among
the various substances which fulfill this requirement,
a suitable substance may be selected in due consider-
ation of the electrolytic reaction for which the
electrode is desired to be used. .Particularly suit-
able for the aforementioned electrolytic process which
proceéds with liberation of oxygen are oxides of
platinum-group metals or mixed oxides of such oxides
with oxides of a valve metal. As typical examples of
such oxides, there may be cited 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 oxide-Ir

oxide-Ti oxide. Of course, these substances, similar



account for the aforementioned outstanding effect of this invention which.

| sy ought about when the inter- nediate | ayer having Pt dispersed in a
\xe) oxi de of 15 netal s having the valencies of 4 and'5 is interposed.

. n the substrate of nmetal and the aclive coat of the electrode. One

| ogi cal explanation may reside in the follow ng postulate: Since the

I nternmedi ate | ayer of a conpact m xed 20 oxi de of netals incorporating

therein dispersed Pt covers. the netal surface of the substrate and conse-

ent | rotects it agai.nst, oxidatiqn, the substrate is preyented from
athor Wl s possi bPE SHSELFILag Bef b AR} IAD OF FHECTRPER IO o1 |68 or

a pentaval ent TeCAr, n-accordance with the generally recognized

principle of valence epal fdthod #&r!t BbemPhyetnexidedlr-dlel oSt utes an
N-type sem - conductor and possesses high cOnductivity. Mreover, the Pt
di spersed in thengitxegecindeycoasersctedh el gyt ovf cah@uctdridus tlendvie

mxed 5 . oxide. Also, since Pt is a substance which offers extrenely high

resi stance fo cometbiods awthhas vehe thegmabt deconpositiomengthedatthen of
oxygen, it is deficient in eletrochenical activity and gdener_al ly 10 does
an

not react with t&destEOCheRdcatd, IFHiRtiam cmeiRed, the "powder
sintering method may -be suitably adopted. Particu-
larly desirable is the thermal decomposition method
which is diéclosed in detail in U.sS. Patent 3,711,385

10 and U.S. Patent 3, 6_32_-,_453. _ |
No ~definite theory has yet been established to
account for the aforementioned outstanding effect of
this inve_ntion which is brought about when the inter-
inediate layer haviné Pt dispersed in a mixed ‘oxide of
15 metals having the valencies of 4 and 5 is interposed
| betwéen the substrate of metal and the active coat of
the electrode. One logical explanation may reside in

the following postulate:.

Since thé intermediate layer of a compact mixed
20 oxide of metals incorporating therein dispersed Pt
. covers the _me1.:a1. surface of 't_h‘e.s.ubstrate and conse-
- ~ quently protects j.t against oxidation, the substrate
is prevented from otherwise possible passivation. The
substrate of the intermediate layer itself has Pt
25  dispersed in . the mixed oxide of a tetravalent metal
and a pentavalent metal.. In accordance with the

generally recognized principle of Valex;ce control,

L]

-

)
W/

itself has Pt 25 di ed in the m xed oxide of a tetraval ent netal and
1898ESS



to heighten the durability of the electrode. If the substrate nmade of Ti,
for exanple, permts formation of a non-conducting Ti oxide on thesyrface _
of. the~el ectrode during the manufacture of the electrode or 15 ing =
the use of the electrode in an electrolyticprocess, the pentaval ent netal. -
in the intermediate |ayer is dispersed to convert the oxide simlarly into
sem conductors. Thus, the electrode as a whole- is allowed to retain its
donductivity intact and preclude 20 ot herwi se possi bl e progress of
paiii(vation. Better still, the substance of the internediate |ayer has an
abN-ty to adhere thismmicled toxide dgsel fofcanatisukas sar Vutipes sEmiand
to the active coat of .the el ectrode such as of an oxide of a platinumgroup
25 metal or an SRPEWCEPT ;aRd| ROSHAsSHes, high (RANdUGE Vity-ns MoLeayIfr -

uni on between the bstrate and the coat. Thus, the internediate.l ayver,is
effective in enhan%ﬁﬁgtp{the dgurabirity of t SBEEEE o Ehel'ﬁﬁ?ﬂ ®rhe

present invention whheePeW REqHCSETLARLOAD! BoRREELLYERY! Y tBEI RHel hixed
ref erence to working anples”™ This tnvention 1s not ITmted in any way by
~these 5 = woski ngokxaap! es: Exanple 1: A commercially availabl'e titanium
plate 1.5 mmin thickness was defatted with acetone and then
Also, since Pt is a substance which offers

extremely high resistance to corrosion and has very
high potential for the generation of oxygen, it is
deficient in eletroch?mical activity and generally
10 does not react with the electrode and, thus, functions
to heighten the durability of fhe‘ electrode. 1If thg
: sul:istra‘;:e made of Ti, for example, permits formatiofx
of a non-conducting Ti oxide on the surface of the
electrode during the manufacture of the electrode or
15 during the use of the electrode in an electrolytic
process, the pentavalent metal in the intermediate
.1ayer is dispersed to convert the oxide similarly into
semiconductors. Thus, the electtode as a whole is
allowed to retain iﬁs conductivity intact and preclude

20 otherwise possible progress of passivation.
- Better still, the substance of the intermediate
layer has an ability to adhere intimately to the metai
‘of the substrate such as Ti and to the active coat of
the electrode such as of an oxide of a platinum-group
25 metal or an oxide of a valve metal and, ‘therefore,
forms a tight union between the substrate and the
‘coat. Thus, the intermediate layer is effective in

enhancing the durability of the electrode.



- subjected to an etching treatnment in an aqueous 20% 10 hydr ochl ori c .
acideQl.ution at 105C to produce a substrate for the el ectrode. M
Nt Iy, a solution obtained by nmixing a 10% hydrochtoric acid -
of tantalumtitaniumchloride copfaining Ta-at a concen- tration
of 10 g/liter (conputed as metal - the sanme 15 applies hereinafter)
and -titaniumchloride contain- ing Ti at a concentration of 10.4 g/liter =
wi th a 10% hydrochl oric acid solution of chloroplatinic acid containing Pt ;,,
at a concentration of 10 g/liter  was applied to the upper side of the
substrate and 20 dried, and the coatESRAMREES rate was. burnt in a nuffle ./
furnace kept at 500C for. 10 mnutes. This proce- dure was repeated tw ce
more. Consequent |y, oORA®hBEE&BREr &PXeBFl?P “&H' i Po% Redidascriked marey

T e RS e e e TR . *
S | . A
ubsealently, | amg' GEiiop 00 ROLUMA Rl FACP ST b OByg] 1

| ayer. The goat edotRYRG Ex@RFLeY Nt in a nuffle furnace kept at 500C for 10
m nutes. This procedure was repeated three nore tinmes. Consequently, there
was obtai ned an Bxampkeéekrtrode having an Ir oxide containing Ir at a ratio

L]

A commercially available titanium plate 1.5 mm

in thickness was defatted with acetone and then

. subjected to an etching treatment in an agueous 20%

10 hydrochloric'_ acid sol;ltion at 105°C to produce a

subsi:rate for the electrode. Subsequently, a solution

obt'éin‘e‘d by mixing a 10% hydrochloric acid solution of |

tantalum titanium chloride containing 'ra at a concen-

tration of 10 g/liter (computed as metal - the same

15 . appl:.es here:.nafter) and titanium chloride contain-

ing Ti at a concentration of 10.4 g/liter with

a 10% hydrochloric acid solution .0f chloroplatinic

acid containing Pf. at a concentration of 10 g/liter

"was applied to the upper side of the sub_sf.rate and

20 dr_igt_i,' and the coated substrate wa's-_burnt in a muffle

f."urnace kept at’ 506°C-for. 10 minutes. This proce-

dure was repeated twice more. Consequently, on the

substrate of Ti, an intermediate layer of a mixed

oxide TiO,-Ta,0¢ (Ti80 : Ta20 by metal mole ratio)

25 having Pt-dispersed therein in a ratio of 1.3 g/m? was
' Supefposed. |

Subsequently, a hydrochloric acid solution of

iridium chloride containing Ir at a concentration of



of 3.0 g/nferr] as an el ectrode active substance. In an electrolyte of Q
g of sulfuric acid solu- tion per liter kept at 60[err]C, this electrodg \-
was useéd as an anade With a graphite plate used as a cathode 10 and
tested for accelerated electrolysis at a.cyprent density of 100
Aldnferr]. The anode served the elec- tro y5| s stably for 360 hours.
ar the purpose of conparison, an electrode was prepared by faithfully
fal | owi ng t he procedure descrlbed above, except that 15 t he
i ncorporation of Pt in the aforementioned inter- mediate |ayer was onitted.
| nNthe sane el ect r¥) yalsitethivas| appliostt e sthen sii teatmed iafttee ] akfel .hoThe of
_electrolysis and could not be used any |onger. Exanple 2: 20
 El ectrodes were preqatedl BRYRES| o¥RFRe f odd- dupaffflerxEmpnace, keptept

o b St o e ATl PR o ek e Fopeated

o ourt e, hESL A0 PORAL A foncad Sl ol sBladBeg et €

LT 208 2 ahend eyt okl chitynudg BT Wcth

t he cat hode. The o Ssulot sg/mzeashawnele‘cﬂhiﬂe adctive substance.

TABL.E ! In an electrolyte of 150 g of sulfuric acid solu-
tion per liter kept at 60°C, this electrode was used
as an anode with a grephite plate used as a cathode

10 and 'tested- fqr accelerated electrolysis at a current
density of 100 A/dmz. The anode served the elec~
trolysis stably for 360 hours.. For the purpose of
comparison, an electrode was pfepared by faithfully
following the procedure described above, except th.a.t

15 the incorporation of Pt in the aforementioned inter-
mediate layer was omitted. In the same electrolysis,
this electrode was passivated after 150 hours of
electrolysis and could not be used any longer.

Example 2:

20 . Electrodes were prepared by following the proce-
dure of Ex-ample 1, except that the substance for the
intermediate layer and that for the active coat of
electrode were varied as indicated in Table 1. .The
thus prepared electrodes were subjected to accelei'ated

25 electrolysis by way of test for performance. The

electrolysis was conducted in an aqueous 150 g/liter

sulfuric acid solution as the electrolyte under the



" Run

SUlENHat e
-
Pt -l

| nt er nedi at e

Layer

Derr]-Ta[err]O[err]
err]-No[ferr]err]
Pt - Ti 2Ta205-

Ti
10) 15

" Rugerr]-Irgerr]
;10 : 10) 5
-lrderr]

Pt-Ti Qerr'] Ta[err

Nb[err]Of[err]

4

Ti

Ti

5 err]
condlt:l.g@(qg 80%) and 25

l&er lalat:.xegxe Ipsf%? ?%

‘in ‘Table

ho

Tierr]-Ta[err]0]e

(50 : 50) 25

(Corrparl son)

Subst ance - (hrs) | Ti T
Irderr] (75 : 25) 10 T2 Ti s .
IrJ-err]is : 80 (80 20) 3
IrJerr] 65 Sn@2 (70 20
Pt-Tigerr]-Talerr]Jerr]- .
45 Nb[err]O[err] (50 :50) (80 <o
-Ti %er Operr Ru( err]
59f mwyrent dengity, -

El ectrode Active

Service Life No.

ertl‘lo&ﬁ The resu“:i‘r‘f:s are

RuCIerr]-Irqerr]

16 Not e:

The nuneri cal

10 (80 :
val ues given in

Ti
20)

par ent heses represent nole ratios of conponent netals excluding Pt. The
amount of Ptsin the internediate |ayer waaBLEMari- ably 1.3 g/nferr].

anount of the el ectrode active

10

15

20

25

Interﬁediéte

' Electrode Active

The

Run Service Life
No. Substrate . Layer - Substance {(hrs)
1 Ti Pt-TiOz-TaZO5 : IrO2 75

(75 : 25)
2 Ti Pt-Tloz-szos Ix:O2 80
(80 : 20)
3 Ti Pt-TiOz-TaZOS- I;:O2 65
SnO2
(70 : 20 : 10)
4 Ti Pt-TiOz-TaZOS- RuOZ-IIO2 45
NbZOS (50 50)
(80 : 10 : 10)
L) Ti Pt-Ti0O -Tazos Rqu-IrO2 38
(40 : 60) (50 : S0)
[ Ti Pt-TiOz-TaZOS- Rqu-IrQ2 55
Nb205 o (30 : 70)
(30 : 40 : 30)
7 Ti Tio Taz 5 RqufIFQZ. 10
(80 : 20) (50 : 50)

(Comparison)




o ., - substance was invariably 3 g/n2 as netal conponent. From Tabl e
1, it is noted that the electrodes of this invention incorporating a / o~
Pt.-containing interne- diate |ayer had decisively |Ionger service life o
exhi bi ted higher durability than the electrpge (com 10 pari son)

i ncorporating an internediate |ayer contain- ing no Pt. Exanple 3: An
electrode was prepared by followi ng the pro- cedure of Exanple 1, except

that a m xed oxide_of 15 .Sng.err]-Talerr].Jerr] havi Pt _di_spersed
therein (Sng80 : Ta3Bthy '-'n&ﬁl“‘%?’ec a‘faréig)‘?s \Iélt%n a?’sﬁS‘éngeea B?Prﬁg?“attio of
1.8—¢/ n2) was used as the moh¢ eraniahi af ccompgremtametals exxdudingi Pow |y tested.
The test for electrolysis S, i f S04 Na@H; sl L on
under the 20 conditiongﬁgfu{g Eerog]chpghdéﬂ%Sg&A%gu err]%]yrcurréﬁy
density, with a platinum §PaY & -ds¥® as ThRcamouph Rfe therfilectode 1ac5d¥e had a
service life gf 46 hours. sipeidaes walseiivaeteblyas gYalper edelocomonpar. son by
re- peating the sane procedure, except that the inclusion 25 of Pt in
.the internediate l'ayer was omtted.. This, el ectrode for conparison had a

service life of 16 hour §rophJablend o likctiHRPERD  RRat| Fhenelertredes of

denonstrated to en; very. hi durability_.as co e 1th the other
el ect r ode. 17 CL"%\éﬁB :.ﬁ(rentclr}m _Lincorpozyatlng anp@{-goﬂalnmg interme-

diate layer had decisively longer service life and.

"G
v

exhibited higher durabi_lity than the electrode (com-
10 parison) incorporating an intermediate layer contain-

-

ing no Pt.
Example 3:
- An electrode was prepared by following the pro-
cedure of ‘ Example 1, except that a mixed oxide of
15 si;oz-Tazos having Pt disperséd therein (Sn80 : 'raz_o by
metal mole ratio, with Pt dispersed at a ratio of
1.3 g/mz) was used as the intermediate layer and it
was similarly tested. The test for electrolysis was
carried out in an aqueous 12N NaCH solutio# under the
20 conditions of 95°C and 250 A/dm2 of current density,
with a platinum plate used as the cathode.
This electrode had a service life of 46 hours.
Another electrode was prepared for comparison by ré-
peating the same procedure, except that the inclusion
25 ° of Pt in the intermediate layer was omitted. This-
electrode for comparison had a service life of
16 hours. Thus, the electrode of this invention was
demonstrated to enjoy very high durability_ as compared
with the other électrode.



1. An electrolytic electrode conprising a substrate forned of a .
conducting netal, an internediate |ayer deposited on the surface of said

S rate, and a coat 5 of an el ectrode active substarice deposited oh+: .
t° urface of said internediate |ayer, said internedi ate | ayer conprising

pl ati num di spersed in a conducting med oxide consisting of (A) oxide of

at |least one of titaniumand tin, each having a val ence of 4, and 10 (B) .-,
oxi de of at |east one of tantalum and niobium each having a val ence of 5. ‘w
2. An el ectrode according*to C aigpatMswherein said conducting nmetal is
titanium tantalum niobium 15 - -zirconiumor an alloy thereof. 3. Anu

el ectrode accorti ng Am dedtmdlyri eldiedroide samgrdsidgcei aybatrateoxi de

consists of Tierr] and/or SnQ.err] and Ta[err]O[err]

and/ or

Nb[err]O[err]. Dormed ofnp gandudddigadeddingnt dP&RYTEALREEI hgYEFai m
wherein the anount of said platinu disp%rseg_[di n gai d _rtp'.xed 9
to 50 nol % bas¥RPIHIL e AviHie a?fH{F CePts BdLafUBS R Rg &P

internedi ate |

Claim whefein ) are presen

xi d
t Re

e i§ from1l
coa

U an Dgc e ach b Siaade 3e60adiag bh 3Ry preceding

Inaratio of from95 :

510 10 : 90 by meéale ¥ &2 intermed¥at® Qayede sagaoiditBemeaiany

precedi ng C aim

layer comprising platinum dispersed in_a conducting

ﬁixed oxide consisting of (A) oxide of at least one

of titanium and tin, each having a valence of 4, and

10 (B) oxide of at least one of tantalum and niobium, each

having a valence of 5.

. 2. An electrode according to Claim 1, wherein said

conducting metal is titanium, tantalum, niobium,

15 zirconium or an alloy thereof.

3. An electrode according to Claim 1 or 2, wherein

said conducting mixed oxide consists of‘-Ti_O2 and/or

SnO2 and-Ta205 and/or szos.

20
4. An electrode according to any preceding Claim,
wherein the amount of said.platinum dispersed in =said
mixed oxide is from 1 to 50 mol % based on the total
amount of substance making up the ihtermediate layer.
25 .

[ A



Mwerein said intermediate |ayer is present in an anmount exceeding 0.1 X
10[err] nol/nferr] calculated as netal. 7. An el ectrode according to anyg,
pteceding Caim 10 ° wherein said electrode active substance contains a :
pl ati num group netal or an oxide thereof. 8. An el ectrode as claimed in?
Claim1 and substantially as herein describéd. 15 9. An el ectrolytic
~el.ectrode substantially as herein described with reference to any one of
Exanple 1, Runs Nos. 1 to 6 of. Exanple #8and Exanple 3. 20 10. A nethod .
for the production of an electrolytic electrode, conprising the steps of
depdsiting on a sBbstraneedéctredadactomdimettd any olegieiddngcGhaamRpi ng

salts of Ti and/or Sn, Ta and/or Nbo, and Pt to provide a coated substrate,
heating the coat e?henBdnr axédanbél 2md oxkde xRl Anfy pAesssshéneat BatdPm on

- said substrate an internmediLate_| ayer conprising platinumdispersed in a

~ mi xed oxide of (AP 58Pa§§IEn? $¥ i%digygsﬁyeé%ﬁgl mé;eCB) qui nquaval ent Ta
and/ or Nb, and subsequently coating said internediate |layer with a |ayer of
an el ectrode active substance. 5 11. A nethod according to Caim8 or

9, wherein the cogfed gHbgicdtpole HESsRE: ébtéﬂgﬂﬁF%E%BﬁngfCﬁé?ﬂl350 to
600[err] C. 12. A nethod according to aim10 or I1, wherein the

wherein said intermediate layer is present in an amount

exceeding 0.1 X 10~2 mol/m?

calculated as metal.
7. An electrode according to any preceding Claim,
10 wherein said electrode active substance contains a

platinum-group metal or an oxide thereof.

8. An electrode as claimed in Claim 1 and substantially
as herein described.

15
9. An electrolytic electrode substantially as herein
described with reference to any one of Example 1, .

Runs Nos. 1 to 6 of Example 2 and Example 3.

20 10. A method for the prpduction of an electrolytic
electbode, comprising the steps of depositing on a
substrate of a conducting metal, a solution containing
salts of Ti and/or Sn, Ta and/or Nb, and Pt to provide
a cbated substrate, héating the coated Subétrate under

25 anioxidizing atmoéphere_to form on said substrate an
intermediate layer comprising platinum dispgrsed in

a mixed oxide of (A) quadravalent Ti aﬂd/or-Sn and

| II!IIIIJ V0w



10 _'anDunt of platinumcontained in said solution is chosen to give a =«

copgeenttation of platinum netal
w’"ﬂ,js % based on the total
ayey. 15 13. A nethod according to Caim10, 11 or

of salts contained in said solution are chosen to give in the resultant
m xed oxide a ratio of oxide (A to oxide (B) of from95 : 5 to 10 :

20 nmet al

2 nmol/nferr] calculated as netal

nol e.

one of Clains 16°8b6ing sahér énhesaedizbadlrRYengiitdt & liayen tafniamm
tantal um niobium zirconiumor an alloy thereof. 5 16. A net hod
according to anfl8RET8AeCRGFAES18UPBtaARCCyherein the substrate of a
conducting nmetal is provided with a coating of a platinumgroup netal
val ve netal before depositing said solution. 10 17. A nethod according

to any onegof Oﬁi.”BAlQeEﬁ’o&Gac?f\@Pﬁfh;jE toeccoal GOl t had@iel t¥e

el ectrode active substance is carrie

10

15

20

25

out by a thermal’ deconposition
coated substrate is heated at a temperature of from

350° to .600°C.

12. A method accofding to Claim 10 or 11, wherein the

di spersed in said m xed oxide of from1lto
amount of substance naking up the internediate <
12, wherein the amounts

90 by

14. A nethod accorggng to any one of Cains 10 to 13,

20 15. A nmethod according to any one

or

amount of platinum contained in said solution is chosen

to give a concentration of platinum metal dispersed in

| said mixed oxide of from 1 to 50 mol %, based on the

total amount -of substance making up the intermediate

layer.

'13. A method according to Claim 10, 11 or 12, wherein

the amounts of salts contained in said solution are
chosen to give in the resultant mixed oxide a ratio of
oxide (A) to oxide (B) of from 95 : S to 10 : 90 by

metal mole.

14. A method according to any one of Claims 10 to 13,
wherein the content of said solution and its rate of
application are choseh to give an in;ermediate layer
present in an amount exceeding 0.1 X 10'2-mol/rﬁ2

calculated as metal.

I

a

<

&

£

»:U A
wherein the content of said solution and its rate of application are chosen |,
to give an intefBedquinqhayaieft Ta apnddentNbn and ambsequenadadi ng 0.1 X 19



smetshdd. 15

“wherein said el ectrode active substance contains a platinumgroup netal
an oxide thereof..19. A nethod as clained in Oaim10 and substantially 20
as herein described. 20. A nethod for the production of an electrolytic
et ectrode substantially as herein-described with reference to any one of

18. " A method according to any one of Clainms 10 to 17,

4?:-\Exarrpl'e 1, Runs Nos. 1 to 6 25 of Exan?de 2 and Exanple 3.
— o '

Ry

N

10

15

20

25

or

&)

15. A method according to any one one of Claims 10 to 14,

wherein said conducting metal is titanium, tantalum,

niobium, zirconium or an alloy thereof.

16. A method according to any one of Claims 10 to 15,

whsrain the substrate of a conducting metal is provided

with a coating of a platinum-group metal or a valve

metal before depositing said solution.

17. A method according to any one of Claims 10 to 16,

wherein the coating of the layer of electrode active

substance is carried out by a thermal decomposition

method.

18. A method according to any one of Claims 10 to 17,'

wherein said electrode active substance contains a

platinum-group metal or an oxide thereof.

19. A method as claimed in Claim 10 and substantially

as herein described.

20. A method for the production of an electrolytic

electrode substantially as herein described with

reference to any one of Example 1, Runs Nos.

of Example 2 and Example 3.

* c L L} S *
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