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This invention relates to electrode structures suitable 
for use in a variety of electrochemical processes includ 
ing electrolytic processes and the cathodic protection of 
metal structures. 
According to the invention an electrode structure com 

prises a support of which the surface consists of titanium 
or a titanium base alloy having anodic polarisation prop 
erties comparable to those of pure titanium and having in 
contact with part or all of said surface a platinum group 
metal or alloy constituted by platinum group metals. It 
Will be understood that the platinum group of metals con 
sists of those metals occurring in Group 8 and Periods 5 
and 6 ‘of the Periodic Table. As examples of the support 
material commercially pure titanium and a titanium-zir 
conium alloy containing 5% by weight of the latter may be 
mentioned. The platinum group metal may be for ex 
ample pure platinum, alloys of platinum and palladium 
containing 10% or 20% of the latter, pure rhodium, plat 
inum-rhodium and platinum-iridium alloys or osmium 
iridium alloys. 
The platinum group metal need only make good elec 

trioal contact with the titanium for successful operation 
but in practice it will be preferred to attach the platinum 
group metal in secure manner to the titanium in order to 
resist the stresses of the environment in which the elec 
trode is to be used. 
A variety of methods of attachment of the components 

together are available, the particular methods being se 
lected in accordance with cost requirements, general con~ 
venience, and also the purpose for which the electrode is 
to be used. The optimum method for any set of circum 
stances may readily be chosen after simple experiments. 
Usually the required key or bond between the titanium 
and the platinum group metal will be achieved by electro 
plating and platinum-plated titanium electrodes will give 
very good performance under various conditions. A 
satisfactory titanium surface for electroplating is produced 
by pretreatment with concentrated hydrochloric acid. 
As an alternative to an electroplated layer, the platinum 

group metal may be in the form of bright sheet, wire, foil 
or pieces pressed, spot~welded, bolted or riveted on to the 
titanium. The platinum group metal may be used in 
powder form and attached to the titanium by rolling into 
the titanium surface. For certain applications a platinum 
black coating will be preferable because of its low over 
voltage properties. 

Other methods of attachment of the platinum group 
metal are by metal spraying, “Electroless” plating, ther 
mal decomposition of an applied paint ?lm, spark trans 
fer, sputtering or evaporating. The surface character of 
the platinum group metal will be chosen in accordance 
with the overvoltage requirements of the gaseous species 
being discharged at the electrode. 

Typical electrodes of the invention are prepared as fol 
lows. The titanium or alloy thereof in whatever wrought 
form required is etched for 4 hours at 60° C. in pure con 
cent-rated hydrochloric acid as described in British patent 
speci?cation No. 758,013, and rinsed, cleaned and then 
electroplated. Alternatively the titanium may be im 
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mer-sed for 3 days at room temperature in pure hydro 
chloric acid to prepare its surface. The electroplating 
bath will contain sodium hexahydroxy~platinate or rho 
dium sulphate solution in the case of platinum or rhodium 
respectively and plating will be conducted under conven 
tional conditions to give a coating of the required thick 
ness. For practical purposes a coating of 0.00011 inch 
will be suitable to combine current density requirements 
with a useful working life of the electrode but in many 
cases thinner coatings, e.g. 0.00001 or 0000005 inch may 
be satisfactory. If only part of the surface is to he plated 
then “stopping-off” materials will be employed. 
An important application of electrode structures accord 

ing to this invention is as anodes in an eletcrical system. 
The electrodes may be used as anodes in a variety of elec 
trolytes notably those in which the reaction at the anode 
involves the liberation of oxygen or chlorine. The elec 
trodes make use of the strength and low weight of tita 
nium and its high corrosion resistance in a wide range of 
media. 
The electrodes permit the use of very ‘high current den 

sities, for example, at 1000 amperes per square foot of 
true surface area of the platinum group metal. There 
will of course be an upper limit to the current density 
which may be employed in any particular case and this is 
due to the fact that at extremely high current densities 
appreciable polarisation of the platinum group metal may 
occur; this in turn may render any exposed titanium more 
anodic than it would be at lower current densities and at 
a su?iciently high voltage it may cause anodic dissolution 
of the exposed titanium. A further limitation in the use 
of electrodes of this invention in electrolytic cells is that 
it is necessary to avoid the use of alternating current or 
direct current carrying an appreciable proportion of super 
imposed ‘alternating current or having any appreciable 
ripple effect. Experience indicates that direct current 
with up to 5% alternating current ripple is acceptable. 

It will be understood from the foregoing that the support 
constitutes the main bulk of the electrode upon which the 
active component, i.e. the platinum group metal is dis 
posed. In effect, therefore, the electrodes offer the ad~ 
vantages of solid platinum without incurring the high coat 
of solid paltinum. It is not necessary that the bulk of 
the electrode consists entirely of titanium or its alloy and, 
if desired, an inner core of another metal may be used. 
The electrodes can be of a ?exible form adapted to be 

conformed to the requirements of cell design by bending, 
e.g. flexible meshes or grilles of the form required. 
Such structures can be produced with expanded titanium 
mesh. 
The invention will be further described with reference 

to particular applications of the electrodes. 
(i) The cathodic protection of a steel jetty standing in 

estuarine water and presenting an area of approximately 
15,000 square feet of metal may be effected by means of 
four anodes constructed in titanium and carrying electro 
plated coatings of platinum. The arrangement of anodes 
is shown in the accompanying drawing. The anodes 1 
are in the form of rods 2 feet in length and 7/8 inch in 
diameter and each carries a layer of platinum 0.0001 
inch thick. The anodes are mounted in a wooden frame 
2 and are each tapped at one end for the admission of a 
screw terminal 3 to secure the current lead 4 to the elec 
trode. The connection between the current lead 4 and the 
electrode is held in bitumen and the four leads are com 
bined and connected to the positive pole of a source of 
direct current. No special electrical apparatus is required 
and conventional types of recti?er unit may be employed. 
These anodes operate at .anodic current densities varying 
between 70 amperes per square foot at high tide ‘and 48 
amperes at low tide. These current density ratings com 
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pare very favourably with those obtained from conven 
tional anode materials such as graphite and lead which 
operating under optimum conditions normally function 
at only 1—2 amperes per square foot and 10-15 amperes 
per square foot respectively. 

‘Smaller scale experiments show that rhodium may be 
used in place of platinum to give comparable results in 
the above example. 

Cathodic protection may also be effected according to 
the invention in other waters of suitable conductivity. 
The cathodic protection of iron or steel pipelines carry 
ing corrosive media is very conveniently effected by means 
of anodes in wire form, e.g. mounted c-oaxially inside the 
pipe. In general, for cathodic protection installations, an 
electrode having a low oxygen overvoltage is desirable 
in order to reduce the electrical energy consumed. For 
this application, the surface of the noble material should 
be as active as possible and this is achieved with matt or 
?nely divided deposits. 

(ii) For the electrolytic oxidation of sulphuric acid to 
form persulphuric acid, the anodes are conveniently in the 
form of titanium rod having wire of the platinum group 
metal spot~welded to its surface. A high oxygen over 
voltage is desirable in certain electrolytic oxidation proc 
esses thereby achieving maximum oxidation e?iciency. 
Accordingly, in this application the surface of the noble 
metal should be bright. 

(iii) In the electrolytic pickling of stainless steel sheet 
in 10% aqueous nitric acid at a current density of 200 
amperes per square foot, platinum-plated titanium elec 
trodes are markedly superior to silicon iron and stainless 
steel electrodes both from the point of view of rate of 
loss of metal and general performance. 

(iv) In the electrodialysis of brackish waters platinised 
titanium electrodes may be used with advantage in place 
of both magnetite anodes and stainless steel cathodes. In 
contrast to magnetite anodes and stainless steel cathodes, 
no cell contamination problems are encountered where 
platinised titanium is employed for both anodes and cath 
odes whilst overall electrical ef?ciency is substantially the 
same. 

(v) Platinum-plated titanium anodes may be used to 
replace graphite in the production of sodium hypochlorite 
by the electrolysis of solutions of sodium chloride. The 
current ef?ciency ‘of the electrodes is greater than graphite 
electrodes when the process is worked to produw 2.5% 
available chlorine in the electrolysed solution. The work 
ing voltage of the anode more nearly approaches the 
theoretical decomposition voltage than graphite and the 
energy ef?ciency of the process is greater than that with 
graphite anodes. In contrast with pure platinum anodes, 
replacement costs of the platinised titanium anodes are 
small and there is no need for frequent adjustment oi 
voltage control to compensate vfor wear as with graphite 
anodes. 
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In addition to the above examples of uses of electrodes 

according to the invention, they may be used for electro 
lytic oxidation processes involving the production of 
nascent oxygen, for example, to reduce the oxygen de 
mand of various industrial e?luents. 
We claim: 
.1. A process for cathodically protecting a metal struc 

ture in contact with corrosive aqueous media which com 
prises passing current through an electrical system which 
includes a current source having a negative terminal con 
nected to said structure and a positive terminal connected 
to an anode positioned in said media and insulated from 
said negative terminal, said anode comprising a support 
selected from the group consisting of titanium and tita 
nium base alloys having anodic polarization properties 
essentially the same as those of titanium in said media, 
said support having an operative surface consisting essen 
tially of at least one member of the group consisting of 
platinum, rhodium and platinum and rhodium base alloys 
in which all of the constituents are platinum group metals. 

2. A cathodic protection system for protecting a metal 
structure in contact with corrosive aqueous media which 
comprises a current source having a negative terminal 
connected to said structure and a positive terminal con 
nected to an anode positioned in said media and insulated 
from said negative terminal, said anode comprising a sup 
port selected from the group consisting of titanium and 
titanium base alloys having anodic polarization properties 
essentially the same as those of titanium in said media, 
said support having an operative surface consisting essen 
tially of at least one member of the group consisting of 
platinum, rhodium and platinum and rhodium base alloys 
in which all of the constituents are platinum group metals. 
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