2154248 | MPROYEMENTS | N- THE MANUFACTURE OF ELECTRCDES This i nve?ti zizlq 8
rel.dteésst'o a method of forming an electrode material or an el ectr =
coating by’thermal . deconposition of a |iquid conposition containing

el ectrode 5 conponent netal. Electrodes are used on a comercial scale in
vari ous el ectrochem cal processes such as electrolyses or electro- lytic <ZZ>
treatnents, and in galvanic cells. Electrodes of various types and nodes.

for variQus .applications have 10 been manufactured. These el ectrodes

are preponderantly in the formof insoluble solids. Cenerally, metals or

met al conpausnds, SUIMPRGVEMENES IN arHE MANMURACTURE OF RUBCTRODES ty and
durability expected of any el ectrode, are used either in the form of

particles or depositethild invéntidre farated twoa imephogh ofuificaplieg an .
substrates. Insoluble electrodes forned by coating a substrate of netallic
titani umwi'th mekecadrmatrrial RF Ahterahpdsusoaking dy ddermadr

exanple, are wdely used on a comercial_scale for electrolysis of agueous
solutions 20  S8/RITRRSIHAYRLMA B¢ EomPasiddi g, fer tednigy srlectrode

particles o$ netal s or netal q?ides and el ectrodes fornmed by sintering such
particles of nol HWRPHh B3¢l es with suitable binders have been used in

E: Zg: ;gljgzeii‘ flhgcz roélyéédtprécfee t Qb?seacpdorg Vcad;rlh{:er(.:c%.lal Sbsc%“:ie in var'j.t usd
ypes descri bed above  can be prepare y various methnads.
Among those net WodStrochemical processes such as electrolyses or electro-
L;; . lytic treatments, and in galvanic celis. Electrodes of
varibus types aﬁd modes for varioﬁs applications have
10 been manufactured. These electrodes are pfeponderantly
in the form of insoluble solids. Generally, metals or
metal compounds, such as oxides thereof which possess
the activity and durébility expected of any electrode,
ére uéed either in the.fdrm of particles or deposited
15 in the form of coatings on suitabie substrates.
.Insoluble électrodes formed by coating a substrate
of metallic titanium with metal oxides including platinum
— group metal oxides, for examplé, are widely used on a
commercial scale for electrolysis of aqueoﬁs solutions
20 such as of sodium chloride; Electrodes formed of
particles of metals or metal oxides and electrodes
formed by.sintering sqch particles or molding sﬁch
particles with suitable binders have been used in
electrolyses, electrolytic'treatments and galvanic cells.

25 Electrodes of the types described above can be

Prepared by various methods. Among those methéds,



2- there finds general acceptance as being highly effect. the so-called

‘t her nal deconposition nmethod which conprises the steps of .preparing a .
~liquid compositiom containing an el ectrode conponent nmetal and subjecting
HhigE:;quid 5 conposition either directly, of after application to a
sub te, to thermal deconposition, thereby converting the conponent netal
I nt m.electrode material in the-fdrmof a nmetal or a netal oxide. '
Generally in this particular nmethod, a conposition 10 containing a salt

of a thernal {jfefECLINAS pbRe PAECAE &%@'O&@meﬂ&%a{i , o b dent
subjected to thernel deconposition at an el evated tenperature of apgut 250

to 800C ThrE NBbL ¥a IESQNPREERA E Séddipadi €1o1¢ alle oo dISath ¢HICddkisrises

chl orides, oxychlorides, alkoxy halides, resinates 15 and anmi nes, of

vari ous el ecthedetepspofieptepatthg.a Nbgquid vesrpsod eierd cdonteireing

hydrochl oric acid, various al cohols, toluene, and benzene have been
sui t abl y adopheel¢atrods ctcomponent fapbaksandPasubiedtdng cehimpnliquid

SHO- 48(1973) - 3954 corresponding to U S. Patent 3,711,385 20 and Japanese
Pat ent Appl | eanpPesi tien-ebthe sl sactbys)of 123 applieakign &0 aowever,

when a conventjonal conposjtion for el ectrode groduction I s subéected to a
thermal treafpRftrate, to thermal decomposition, thereby converting

the component metal into an electrode material in the
form of a metal or a metal oxide..
Generally in this particular method, a composition oo/

10 containing a salt of a thermally decomposable eiéctrode

component metal and a solvent is subjeéted to thermal

decomposition at ah elevated temperature of about 250° to

800°C. Thermally decompoéable salts which can be used

include chlorides, oxychlorides, alkoxy halides, resinates
15 and amines, of various electrode component metals.. As

solvents therefor, water, hydrochloric acid, various

alcoho;s,_toluene, and benzene have been suitably

adopted (as disclosed in Papanese Patent Publication

SHO-48(1973)—3954 corresponding to U.S. Patent 3,711,385
20 and Japanese Patent Appliﬁatioﬁ Laid-Open SHO 51(1976)-

131475, for example). |

However, when a conventional composition for

electrode prbduction is subjecﬁed to a thermal treatment

aimed at removing the solvent through volatilization and
25 thermally aecomposing the metai salt into a corresponding

metal, or further converting the metal into a corres-

ponding metal oxide, the electrode component metal is



ai red at renoving the solvent through volatilization and 25 thermal |y
decomppsing the netal salt into a correspondi ng netal, or further
converting the netal into a corres- ponding netal oxide, the el ectrode
conponent netal-is -3- often-diffused in a large voltune as volatilizegk
in the formof a chloride in conjunction wth the solvent. This resultg
serious problens including | owered product yield, inpaired product qua
stabiILty,anq 5 i nevitabl e environmerst el pollution.” As a counter-neasure,
it has Dgen proposed, where Sn is used as an el ectrode-coating conponent,
for- exanple, to e a s f SN, e a i Gl 9N ;2
di sclosed In Jap??}eesne ‘%algt%uraﬁeedAgﬁ’l i%ca alrlg;&a %lglgn&g%hgﬁéa%gﬂze% l% the
52(1977) - 141489,e 4,00 XA RIorige i B diDreRIQH IthR ish1v@Meri ng the
| oss of the Sn conmponent by véiatlllza- thon to sone, but not at present to
a sufficient, extfn . rddiiherip e r ol ab s ahd1ivdingha owered sul furic
acid, a strong acid. Wth respect to conponent el ectrode 15 materi al s
other than Sn, theaisr epmild ongthbaiad grodRiquality ehbiliBand t has
been difficult to produce el ectrodes forned of various el ectrode ‘conponent
materials i g a sirpdhtetdabiwaenwairbrimentah poldiutsidny. t he t her nal
deconposi ti on net hod. : . :

} As a counter-measure, it has been proposed, where Sn

is used as an electrode-coating component,.for examplé,
to use a sulfate of Sn instead of a chloride of Sn (as
disclosed in Japanese Patent Application Laid-Open SHO

10 52(1977)-141489, for example). This method is effective
in lowering the loss of the Sn componént by #olatiliza-
tiqn to some, but not at present to é sufficient, extent.
Furthermore, a danger arises from the use of.sﬁlfuric
acid, a strong acid. With respect to component electrode .

15 .materials other than Sn, the aforementioned problems
remain unsoived. Thus, it has been difficult to produce
electrodes formed of various electrode component materials
in a stable manner and in high yields by the thermal
decomposition method.

20

25



20 25 According to the present invention we provide a nethod of

manuf acturing an electrolytic el ectrode conprising steps of: a) formng-a
sol uti on:cont ai_ning an el ectrode conponent “5 netal selected from
aluminfjum ti.n, antinony, germanium bisnmuth, gallium indium titanium
gircqﬁigﬁl tantal um haf ni um vanadi um nmol ybdenum tungst en, '
ruthehodm papladiyihandd ikl Uskessnt Ghvb@libnOiR G55RLse CATRREAGS

sel ected fromascorbic acid, pyragallol, pyridinepenta- 10 carboxylic

aci d, thyﬂg%yg&@ppﬁ%S-ﬁl _ta@.'%'c@:rol?‘%!i@ e 886t 2bAET NS Sid gand”
capable of. formng a conplex with netal ions of said el ectrode corponent
netal ; biiep@abkRg the solution thus fornmed onto an el ectrode substrate;
and 15 c) subjecting - said coated substrate to thermal :
treatnent at g)anfoehengt edsolatpenatoneainingf annel@bbr&det comf®RENntN an
oxi dative atnosphere, wherein the volatilization and diffusion of said

el ecs r odmetadposehectedal frombi abamivnitmsaitiros gantimonypougermaniuavent ed

during the thermal 20 treatnent.
bismuth, gallium, indium, titanium, zirconium, tantalum,

hafnium, vanadium, molybdenum, tungsten, ruthenium,
palladium and iridium, and at 1least .one organic compound
selected from ascorbic acid, pyraéallol, pyridinepenta-

10 carboxylic acid, 8?hydroxyquinone—5-sulfonic acid and o’/
aluminon as é ligand capable of forming a complex with
metal ions of .-said electrodé component metél;

b) coating the solution thus formed onto an electrode
substrate; and

15 c) subjecting said coaﬁed substrate .to thermal
treatment at an elevated temperature of from 250°C to
800°C in an oxidative atmosphere, wherein the.volatilization
and diffusion of said electrode component metal combined
with said organic compound is prevented during the thermal ‘' ~

29 treatment.



The 5 substrate may, be fornmed of- any of the various electro- conductive
and . durahl e nmaterials and have any of the shapes heretofore used in a S
and cat hodes. For exanpl e, valve netal's such as Ti, Ta, Nb, and Zr a

typi cal substrates for anodes and Fe and Ni, are typical 10 subst

for cathodes. Various electrode materials forned by thernmal treatnent can
be produced to suit various applicatiof$. They possess el ectrochem cal
catalytic properties and durability and”they generally have the form of
netal s, M5 met-al -X|des or nlxtures thereof To forn1such .an
electrodg_ggkéTlal By Foregtislien AR E ey S

prepared and sul#
sui tabl e substrate
I's used and subj

from about 250 to [ERR] fhe elect ode conpone t nmetal is_ not entéyel
retained in the df?%?ﬂ 'A‘M‘aT“Mmmg abIX“flleon
the substrate bul,ls f Ay Y Fddddfbe Ul BEUY WSy B2 and

conductive and durable materials and have any of the

- ) » = ar s J = i '. -
As already descrlbed‘ mhen conventlonal ONpOosi tion

.‘--.- re < = =

shapes heretofore used in anodes and éathodes. For
- example, valve metals such as Ti, Ta, Nb, and Zr are
typical substrates for anodes and Fe and Ni, are typical
10 substrates for cathodes.
Various electrode materials formed by thermal
treatment can be produced to suit various applications.
They possess electrochemical catalytic properties and
durability and they generally have the form of metals,
15 metal oxides, or mixtures thereof. To form such an
electrode material in a free state or deposited on a
substrate, a liquid composition containing a corres-
\; ponding electrode component mgtal is prepared and
subjected to thermal treatment while Ee-l-d-—i:n—aﬂ*e-e-se—l
20 c@ﬂdeposited on a suitable substrate. As alfeady
described, when a conventional_composition is used and
subjected to thermal treatment at an elevated temperature
df from about 250°:to 800°C, the electrode component
metal is not entirely retained in the form of metal or
25 metal oxide or deposited stably on the substra;e but is

readily volatilized into a chloride, for example, and



diffused in |large anounts into the anbient "air. possib entailing i
.diffi-culti,es such as | owered product yield and inpaired stability of .-
productggual i ty. Anong various el ectrode conponents netals, A, Sn, GCe,

Bi , Ga, Ti, 5 Zr, Ta, Hf, V, M, Ru, Pd, Ir, etc. exhibit the afore-
frenti oned/t endency conspi cuously because the tenperatures at which they are
converted into their oxides are hiqper than the tenperatures at which their
chlorides are. volatilized. 10 It has now been found that when, in
accordance with the invention, the thernally-deconposabl e conpositiop#

i ncor por at edififusegadinc langso @muadisaliind oo fthieo ambdgni eéwppeﬁSWbﬁq\L?ﬁ
metal ions, the difficulties described above are elim nated because~the
anount of eledddidd@g gifficaitdesnts &s hewereds predycty velg andzed and
di ffused during the thermnal treg%gfnt I s decreased tqQ a notabl e extent. The

reason for tfRaiRedStabdlify ofRreadueF Quadlty: pr BTORE. VarhPPfout
desiring to he hou t herehy, .we 2 tulate that .the nmetal (gns in the
i qui d gonp(?&eﬂb‘(ﬁ?r%r ézoﬁpé’ﬁ%lelnitsse&le%x?lﬁﬁg Sr Ry 8ﬁ'o%1a ?ﬁr’rp#é‘x \Lﬁi“t'h t he
ligand, th reventd ohat i l4 zatjon d_qi ffus} (AL course of
tlhg thérmf%ﬁe%ﬂe%ﬂg% gﬁ'gv#n‘ﬁg P{Gﬁe I%ﬂe?%kdd%%@é‘r?&?‘sg?atsfggﬁ-ag :1 met al

Dse ot hi s e, R oL R e AR re e ng &
, pable of acting as a ligand an ormng a

‘at which they are converted into their oxides are higher
than the temperatures at which their chlorides are.
volatilized.

10 It has now been found that when, in accordance with
the invention, the thermally-decomposable composition
incorporates an organic compound capable of forming a
cqmpléx with the metal ions, the difficulties described
above are eliminated because the amount of electrode

15 component metal which is readily volatilized and diffused
during the thermal treatment is decreased to a notable
extent.

The reason for this effect is not completely clear i_)

at present. Without desiring to be bound thereby, we

20 postulate that the metal ions in the liquid composition
are stabilised by the formation of a complex with the
ligand, thus preventing volatilization and diffusion
during the course of the thermal treatment and allowing
the electfode materials, such as a-metal or metal oxide,

25 to be formed in high yield.

The organic compound, for use in this invention,

must be capable of acting as a ligand and forming a



complex with a netal.- ion; the <aforesaid five organic conpounds

meet “this requirenent. °~ These conpounds are capable of formng a
conplex Wi th the el ectrode conponent netal in ordinary liquid
conpositions such as aqueous 5 sofutions or aqueous al cohol sol utjgns,
and they. vol atilize or deconpose at a t'enperature bel ow about 300 OC and
al | ow a met al o Gfp 14k al worhdeat 0 redaar odusied fEwen tacoresaldi oBicamboRgdnic -
therew thg. Fromthis point of view, the organic conpound preferably
has, in "yensdmdpounds ShRklk mtHier régpitémeh. 12, Thaseexasghpyurds caaken
atons becawsé vol atiliZation, deconposition and oxidation proceed

qui ckly whencapdielenunifer fonhingarbooorplers with s¢hel lelectyode®r ganponent
conpound having a | arge nunber of carbon atons, however, can be rendered
effective formefts#l byisuppkdingran dmguddanoeonpdsitigns oxggen &8 egheeous

reaction system sufficient to ensure a t hor ough conmbustion _ of
the ordani csoluthepdury. aquspup abcohed ispdadicss i fadirthey velasddieed
by refer- 20 ence to the follow ng non-limting Exanples. o Unles

or decompose at a temperature below about 300°C andsallow

a metal or metal oxide to be produced from the metal ion

combined therewith. From this point. of view, the organic

éompound preferably has, in general, a small number (up

et 10 to 12, for example) of carbon atoms because volatilization,
decqmpositibn " and oxidation proceed quickly .when the

number of carbon atoms is small. An organic compound

having a large number of carbon atoms, however, can be

rendered effective for use by supplying an ample amount

15 of oxygen to the reaction system, sufficient to ensure

a thorough combustion of the organic compound.



otherwi se indicated herein, all parts, percents, ratios and the |like are by
“-weight. Exanple 1 A liquid conposition was prepared by tharoughly 25 . - |
m Xi ng Om of an aqueous solution of 0.5 g of chloroplatinic acid
as Ptl g of iridiumchloride as I'r, and 0.5 g of titaniumtrichloride
as Tj.NAh 40 m  of an aqueous solution containing 1.7 g of stannous
chlorirde as Sn, and 10 g of ascorb acid. In a crucible, the liquid
conposition was cal- cined at [err].to obtain a residue preponderantly in 5
the metal oxide form This residue was anal yzed by a fluorescent X-rfay
met hod to detérm ne the yields of conponent netals of the produced .
substance relative to the starting materials. The results obtained are
shown in Table 1-below 10 In a Conparative Exanple, a conposition
obtained by mxing 10 m of an aqueous solution of 0.5 g of chloroplatinic
acid as Pt, 1.1 g of iridiumchloride as Ir, and 0.5 g of titanium
trichloride as Ti with 30 mMl of a 20% hydrochloric acid solution containing
15 - 1.7 g of stannous chloride as Sn and 10 ml of iso- propyl al cohol
was sigm larly cal cined. Table 1 '

o’
10
15
v
This invention is further illustrated by refer-
20 ence to the following non-limiting Examples. Unless
otherwise indicated herein, all parts, percents,
ratios and the like are by weight.
Example 1
A liquid composition was prepared by thoroughly
25 mixing 10 ml of an aqueous solution of 0.5 g of

chloroplatinic acié as Pt, 1.1 g of iridium chloride

as Ir, and 0.5 g of titanium trichloride as Ti with



Y| eI d of Conponent Metal (% Pt. Ir Ti Sn 20 Example 1

98 . 96 98 Conparative Exanple 1 98 74 71 59
EXaane 2.As a substrate, a comrercially avail able pure titani um pl ate, 50
mm x 50 mm x 3 mm (t hi ckness), was 25 degreased with acetone and-: fy
plckled with oxalic acid. The sanme |iqujd conposition as described in’
Exanpl e 1 was coated on the substrate YW th a brush, dried. at - 10- ég'
tenperatg&e (about [err]) and heated at [err] for 10 minutes in an eleciric

f d f h h h, f
of app i t?éﬁeaﬂﬁhééfefna%a"?,ﬁvﬁ%'%.t Rifmodnaii®e " gy, 85 2 %o
20 cycl es, "an el %%% Qﬂgﬁggdg anén F (%1 ?hhgégﬁﬁ cV‘Qé:L%[ oduced. -

In a Conparatlvg g~ sane I|qU| i on-as described in

Comparat | ve Exampl e §a\os Wsedind,: thy ha. ﬁd%p%ﬁhﬁgiregg- chl -

"The el ectrodes were an a'fluorescént X-ray ne to determ ne
the ratio of el %G.hre@eadeossong W@mn gt absighai pedpendeantupstinat e.

The results obtained are shown in Table 2 bel ow.
5 the metal oxide form. This residue was analyzed by a
< fluorescent X-ray method to determine the yields of
component' metals of the produced sutstance relative
to the starting materials. The results cbtained are
o shown in Table 1 below.

10 in a Comparative Example, a composition ob't;ained
by mixing 10 ml of an agueous solution of 0.5 g of
chloroplatinic acid as Pt, 1.1 g of iridium chloride
as Ir, and 0.5 g of titanium trichloride as Ti with
30 ml of a 20% hydrochloric acid solution containing

15 1.7 g of stannous chloride as Sn and 10 ml of iso-

propyl alcohol was similarly calcined.

Table 1
v : Yield of Component Metal (%)
Pt Ir TIi sn
20  Example 1 . | 99 98 96 98
Comparative Examp:l_e 1 98 74 71 59
Example 2

" As a substfcate, a comn'lercially. availa.blt_e_ pure
titanium plate, 50 mm x 50 mm x 3 mm (thickness), was

25 degﬁ:eased with acetone and pickled with oxalic acid.
The séme liquid composition as described in Example 1

was coated: on the substrate with a brush, dried at



. Table 2 15 . Rati o of ConmDonent *Metal Retained (% Pt Ir Sn
- Exanpte 2 :

99 99 98 Comparative Example 2
99 .71 > 45 (Note) The data on the Ti conponent are omtted 20 -
pecaug\re determ nation of this conponent was difficult due to the _
nfl ua of -the Ti conponent in the substrate upon which the coating was

pl aced™>~1t can be seen fromthe r_esm ts of Exanple 1 and 25 Exanpl e 2
t hat when ascorbic acid as a |ligand capable of formng a conplex with a

i cid as a . ing a c vitha
T aui d compat o TR RRERt PRssut| 20:500CTY 404 Hedrdd %}?Zﬁi"%ﬂf hi gh
retention Iy OF) REREHSE in abl elQUtriNAldved!%dGFEAGHY (G Y of

the el ectrode conmponent netals as conpared w

Conpar at i ve latdign e6f ladnd there@ifdwald. 5 By perforfihgd4iHéd i tion was
prepared by mxing 0.5 g of chloroplatinic acl-d as Pt, "0.55 g of iridium
chlor- ide a&f lapplitatigpmfarsl)wedicinding afinhe Bianhldrddbosition

5 ° for a total of 20 cycles, an electrode having a coat~ .

ing 3 p in thickness was produced.- In a Comparative

4

Example, the same liéuid composition as described in

Comparative Example 1 was used similarly to produce an

electrode. : . o’
10 . The electrodes were analyzed by a fluorescent

X-ray method to determine the ratio of electrode

coating component metal retained on the substrate.

The results obtained are shown in Table 2 below.

‘Table 2
15 Ratio of Component Metal Retained (%l
Pt Ir sno
Example 2 _ 99 99 98 L
Comparative Example 2 99 71 45 ~
(Note) The data on the Ti component are omitted
20 _ because the determination of this component
was difficult due to the influence of the
Ti component in the substrate upon which
the coating was placed.
It can be seen from the results of Example 1 and
25 Example 2 that when ascorbic acid as a ligand capable

of forming a complex with a metal ion was added in
accordance with the method of this invention to the
liquid -compositibn, the electrodes were obtained in

high yields and high retention ratios because



solution .as Ta, 0.2 g of cobalt chloride as Co, and 0. 55 g of

st gnni‘c+chloride as Sn with 20 m of 10 20% hydrochl oric acid, 10 n1
butanol, and 5 g of pyrogallol. In a Conparative Exanple, a si milar |ig
com p03|t|0n was prepared using the procedure just described, except !:u
the .addition of pyrogallol was 15 omtted. These liquid conpositions -
were calcined in a crucible as in Exafdle 1. The results obtained are shown
in Tabl e-81 bel ow. They were also applied on a Ti substrate as in Exanple
2. The results ppigia 2em Losk © ovbouteld fiablay® g behen eTgbteode 1

Y| eld of Conponent Metal (% Pt I'r Co n Exanple 3-1

\9‘7" SSmpoREn€5metal€onpar a:bmp%rﬁﬁani@iﬂﬁtﬂ;e electr¥Bes 7@f 36
98 31 Rati o of Conponent Metal Retained (% Pt I'r Ta Co Sn

Exanpl e 3-2 Comparative Exampiges 10@nd 29 98 99 5 Comparative
Exampl e 3-2 98 62 23 98 25 Exangl e 4 Three coating sol utions
were prepared by mixing . Example 3 _

' 5 A liguid composition was prepared by mixing 0.5 g

- of chloroplatinic acid as Pt, 0.55 g .of iridium chlor-
ide as Ir, 1.5 g of aqueous tantalum pentachloride

solution as Ta, 0.2 g of cobalt chloride as Co,

\/ and 0.55 g of stannic chloride as Sn with 20 ml of
10 20% hydrocnlorlc acid, 10 ml of butancl, and 35 g' of
pyrogallol

In a Co;rlparative Ei:ample, a similar liquid com-
position was prepared usihg the procedure Jjust
described, except that the addition .of pyrogallol was

15 | omitted. |
These liquid compositions were calcined in a

ci‘ucible as in 'Example 1. The results obtained are

L shown in Table 3-1 below. They were also apélied on a
| Ti substrate as in Exémple 2. The results obtained
20 are showﬁ in Table 3-2 below. |
Table 3-1

Yield of Component Metal (%)

Pt Ir Ta Co Sn

Example 3-1 99 99 97 99 98

25 Comparative Example 3-1 99 73 36 98 31




. 15 g of rutheniumchloride .as Ru, 3 g of palladiumchloride as Pd, 12 g of

"stapRic chloride as Sn, and 10 2.5 g of antinmony Chloride severally "
wi tf ) 200 m of isopropyl alcohol, 220 mM of pure water, and 90 -g of

yr\{{di/ne pentacarboxylic acid (Exanple 4), (2) 400 ml of isopropyl al cohol

nd 20 m of concen- trated hydrochloric acid (36% (Conparative Exam 15
ple 4-1), and (3) 400 m of isapdapyl al cohol and 20 m of concentrated
sul furic acid (98% (Conparative Exanple 4-2). The liquid conpositigns
descri bed above were applied to sulyagbnat @s20f Ti by follow ng the procedure
20 of Exanple 2, except that the calcining tenperature was changed to
5700C. to obtain el ectrodesRatidhese ComponeateMetrlcRetatiaddf ¢p)r etenhti on
rati os of conpo- nent netals. The results obtained are shown in
Tabl e 4 bel ow. 25 Tabl e 4 Ratio of Conpanen tal Retai ned.(% Ru Pd
Sn - Sb Example 4 _ ' BE QTEENSQiE 99ti 98%g
Conpar at i vegksapbee 3421 92 o940 &2 o33 Cegparaki ve Exanple
4-2- “90 82 81 43 _

5 Ccmparative Example 3=-2 c8 62 23 98 25

-7’

Exzmrle 4

Three ccating soluticns were prepared by mixing
15 g of ruthenium chloride as'Ru, 3 g of palladium J
chloride as P4, 12 g of stannic chloride as Sn, and
10 2.5 g of zntimeny chloride severally with (1) 200 ml
of isopropyl alcohol, 220 ml of pure water, and
90 g 'of pyridine pentacarboxylic acid (Example 4),
(2) 400 ml of isopropyl alcohol and 20 ml of concen-
trated hydrochloric acid (36%) (Comparative Exam-
15 ple 4-1), and (3) 400 ml of isopropyl alcohol ahd
20 ml of concentrated sulfuric acid (98%) (Comparative
Example 4-2);
The 1liquid compositions described above were *;/
applied to substrates of Ti by following the procedure
20 of Example 2, except that the calcining teﬁperature
was changed to 570°C. to obtain electrodes. These
electrodes were tesﬁed.for retention ratios of compo-
nent metals. The results obtained are shown in

Table 4 below.

25



Exanple 5.A ljquid coating conposition was prepared by adding 40 g of

8- Rydt'oxXyqui none-5-sul fonic acid to an 10 aqueous hydrochloric acid
solution (5% containing 1.40 g of chlioroplatinic acid as Pt, 0.45 g of.:
‘pal l a- diumchloride as Pd, 9.5 g of stannic chloride as Sn, and 0,85 g d£§:2>
bi smut-h chloride as Bi and diluting the resultant solution with pure wate

to about 100 m . 15 The coaLihﬁ>GonpositLon S0 obt ai ned was

applied es the same type of titaniumplate as in Exanple 2 with a brush,

dried at 1200C for 5 mnutes, and cal - g&i g t [err] for 20 m nutes. This
procedurg was perforned for a total of géggyeges to produce an 20

el ectrode. The coating Rggggo§kt$ pofiBAt BEa1CREELINEE poYyai ned by

applying this conpositio - supstrate were aratyzed to determ ne

t he percentage ‘conposition of electrode conponent netals. The 25

resul ts obtaine re snown 1 n raple €T OW. a f
Conmponent Metals (mol% Pt Pd Sn -Bi—EiqugS 0Si ¥ron
7.53 4.46 8§xémpﬂe2; 5 .Electrode Dep03|ted‘97 05 79;4 93.37
80.4 4.36 _
5, Comparative Example 4-1 92 40 12 23

o<

Y
W
<

Comparative Example 4-2 = ¢0 82 81 43

~ Example 5

A liquid coating coméosition was. prepared by
adding 40 g of B-hydroxyquinone-s-sulfoﬁic acid_to an

10 aqueous hydrocchloric acid solution (5%) containing
1.40 g of qhioroplatinic acid as Pt, 0.45 g of palla-
dium chloride as Pd, 9.5 g of stannic chloride aS Sn,
and 0.85 g of bismuth_chloride as Bi and diluting the
resultant solution with pure water to about 100 ml.

15 The coating composition so obtained was applied
on the same type of titanium plate as in Example 2
with a brush, dried at 120°C for 5 minuﬁes, and cal-
cined at 500°C for 20 minutes. This procedure was

- performed for a total of 20 cyclesl to produce an

20 electrode.
| The .jcqating .compositidn and the electrodé'
obtained by applying this composition on the Ti
substrate were analyzed to determine the percentage
compgsition of electrode component metals. The

25 results obtained are shown in Table 5 below.



o,

It ¢an be seen fromthe results in Table 5 that, if produced by the. rrethod
of this invention, the el ectrode deposited on the substrat e had. LR
sub tially the same conposition of conponent netal as the coating 10

co ion, indicating that the el ectrode deposited on the substrate
retartffed the conponent netals at Qngh retention ratios because virtually no
vol atilization occurred during thet'vourse of heating and cal ci ni ng. Exanple
6 15 A liquid coating conposition was prep’ared by addi ng 50 g. of
alum non to 5.15 g of rhodium chl oragddeass Ph, 2.53 g of ruthenium chI"'orl de
as Ru, 2.5 g of antinony chloride as Sb, 1.5 g of aqueous hydroch] or acid
sol ut i.on (20%. of tantal urogmssdiilon |0:Ea MD@enz:OMetaick Jxto 1§ Yof eous

hydrochl oric_acid solution (20% of zirconiumchloride as Zr and di I uting

the resultant solution with pure water tgabout gip0 nl .gn Fromgshi s coating
conposition._an electrode of

Exanpl e 5. 22uid compb¥Et3@at i Ng conposizisen amd dehe @xchrode xdepos- ited
on the substrate were analyzed to determne the per centage conposition -

of copponegtectmidd Deposhited esul ts obtamiMed &.8Bhowo.is Tahlss 6 bel ow.
Table 6

It can be seen from the results in Tabkle 5 that,
if produced by the method of this invention, the
electrode deposited on the substrate had substantially /
the same composition of component metal as the coating
10 composition, indicating that the electrode deposited
oh the substrate retained the component inetals at high
retention ratios because virtually no volatilization
occurred during the course of heating and calcining.
| Example 6
15 A liquid coating composition was prepared by
adding 50 g of aluminon to 5.15 g of rhodium chloride
as Eh, 2.53 g of ruthenium chloride as Ru, 2.5 g of
antimony chloride as Sb, 1.5 g of aqueous hydrochloric \/
acid solution (20%) of tantalum pentachloride as Ta,
20 and 3.5 g of aqueous hydrochloric acid soluti_on. (20%)
of zirconium chloride as Zr and diluting the resultant
solution with pure water to about 100 ml. From this
coating composition, an electrode was produced by
following the procedure of Example 5.
25 The coating composition and the electrode depos-

ited on the substrate were analyzed to determine the

fm et ———— ot ¢ mn xe e 4 e % e e e RO = z S R



Conposi tion of Conponent Metals: (nnl@@ 5 '

Ru.« .Sb . Ta Zr Liquid Conposition 27. 2 13.6 11.1 27.2

20. 9 Electrode EEp05|ted 27.4 14.-2 10. 7 26.9 20.8 As descrihed:..:.

. above, the nethod of this invention enables an el ectrode to be man 'T?d
in & higan 10 yield and high retention ratios of the conpone als

by preventing the possible |oss 0ftiuf50n} ponent netals by vaporization

during the course of heat treatnment. It also permits an el ectrode of the

required corrpos i e ’ i Hea er apgewi th
hi gh repgat #% egq#ﬁﬁg an él%g'r:&ito?gdea%f ﬁ%”gﬁbﬁﬁéﬁ t?/legggg T

manuf act ured “ﬂiésﬁﬂﬁg EHLeIRLAYAYE sHwaEihedafe EhBepbaseNt invention.
CLAIMS: 1. A nethod of manufacturing an electrolytic electr conprising the
steps of:. a) formng a solution contafable 8n el ectrode conponent: 5
netal selected from alunminium tin, antl rmny, : germanl um bi smut h,
gallium indium titanium & & [%3di um
nol ybdenum tungsten (uf beni um palladiumand iri di um and at | east
one organi g conpound setected from asegrbi C gacid, :}gyragalml_ol Zr

pyridi nepenta- 1Q._carboxylic acid —R—h\ujr ravavzal B aratar-yll~N < m araYahura acid

and Licuidé Composition 27.2 13.6 °11.1 27.2 20.9

Electrode Depcsited 27.4 14.2 10.7 26.9 20.8

As describded above, the method of this invention

enables an electrode to be .manufactured in a high

10 yield and high fetention_ ratios of the component
metals by"preventing the possible loss of the com-
ponent metals by vaporization during the course of

heat treatment. It also permits an electrode of the
required composition ‘to be manufactured in a stable

15 manner and with high repeatability. Thus, an elec-

trode of high quality can be manufactured with ease by

(

employing the method of the present invention.

C



alum non as a ligand capable of formng a QgﬂpLgﬁ_EitﬂﬁgeigLnéons of said
ele de‘conponent netal; b) coating the solution d onto a = _
kle de substrate; and 15 subjg coat ed substrate
1o rmal treatnment at an elevat Lenper Wmﬂim Cto [err] in
&n oxidative atnosphere, wherein the volatili*zati on usion of said

el ect roder,aomponent netal conbined with said organic conpound_is prevent ed
during the thermal 20 treatnent. 2.. A nethod as ctainmed in Claim1l and
substanti-al | yl as hemeithbdf @fe miaarfadmtriny an AeléPt POyt Dé eié%fﬁn9~ an
electrode material or an electrode coating, substantial ly
here|nbe¢omar251m@stheb@depst@freference to any one of Exanpl es 1K?U”% 4.
An electrode formed of, or coated wth, a material forned by a

met hod as cl & hedfe¥ming @r%@bmﬁx@pc¢gmha1n1ng an electrode component:

5 metal selected from aluminium, tin, antimony,. germanium;
bismuth, gallium, indium, titanium, zirconium,. tantalum,
hafnium, vanadium, molybdenumL tungsten, ruthenium,
palladium and iridium, and at 1least one organic compound
:selected from ascorbic acid, pyragailol, pyridinepenta- s

10 carboxylic acid, 8-hydroxyquinone-5-sulfonic acid and o/
aluminon as a 1ligand capable of forming a complex with
metal,ions of said electrode component metal;

. b) coating the.solution thus fermed onto an electrode
substrate; and

15 c) subjecting said coated substrate to thermal
treatment at an elevated temperature of from 250°C to
800°C in an oxidative atmosphere, wherein the volatilization

and diffusion of said electrode component metal combined

C

with said organic compound is prevented during the thermal
20 treatment.
2.. A method as claimed in Claim 1 and substantially
as hereinbefore described.
3. A nmnethod of forming an electrode material or
an electroden coating, substantially as hereinbefore
25 described with reference to any one of Examples 1 to 6.
4, An electrode formed of, or coated with, a
material formed by a method as clalmed in any preceding

claim.




