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For carrying out electrolyses on a technical scale, par¬ 

ticularly in aggressive media, for example, the electrolysis 

of alkali-metal chlorides, graphite anodes are usually used. 

Since graphite anodes require a relatively large space, have 

a low breaking resistance, and are subject to great wear, it 

has been tried for some time to use mechanically and chemically 

resistant metal anodes. Good results can be obtained with 

electrodes of noble metals, particularly of platinum metals, 

but these are economically not feasible because of the high 

cost. 

Electrodes are already known which consist of a core of 

a base metal which is covered with a thin top coat of a noble 

metal applied for example, by electroplating. Since such a 
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thin top coat always has pores through which the electrolyte 

and aggressive anode products resp. can get to the core metal, 

so-called filmforming metals must be used for the core anode, 

that is, metals which form under electrolytic conditions on 

their surface an inert, corrosion-resisting blocking film for 

example, in the form of oxides. 

It was found that titanium is particularly suitable as a 

core metal if chlorine is formed on the anode in the nascent 

state. For these cases it was found that other film-forming 

metals, like tantalum, zirconium, bismuth, are completely un¬ 

suitable in continuous operation. On the other hand, it could 

not be expected on the basis of the known chemical as well as 

electrochemical properties that titanium in particular could 

be superior, compared to tantalum or zirconium. 

The subject of the invention is a method for the production 

of an anode for electrolyses of aqueous or molten electrolytes 

containing chlorine-ions, consisting of a core of a base metal 

and a porous top coat of noble metal, where the core is provided 

electrolytically with a blocking film at the areas where the top 

coat is porous. The invention is characterized by the fact that 

titanium metal of a quality which, when connected as an anode in 

hydrochloric acid, allows the current passage to drop within a 

few seconds to practically zero, is covered as an anode core 

with a top coat of noble metal and that a blocking film is formed 
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on the pores by electrolysis of alkali metal chlorides, but in 

these cases the titanium did not come in contact with nascent 

chlorine. 

Anodes are known which have a core of tantalum or zirconium 

and a complete or partial coat of platinum. The platinum coat 

was applied in a thickness of 50 mu, for exampleo These anodes 

were developed for electrolytic oxidations, for example, the 

production of persulfates, hence for electrolyses whore the 

specific action of platinum and platinum metals resp. is required 

as an anode metal.' For electrolyses where oxygen is formed on 

the anode, the above-mentioned electrodes are highly suitable. 

But these electrodes could not be used for’ electrolyses where 

chlorine is evolved on the anode. In the production of chlorine 

in continuous operation, the bond beti^een the platinum top coat 

and the tantalum is not stable, so that platinum particles pass 

over into the electrolyte after a short time. Anodes, where 

zirconium is used as a core mdtal, or alloys consisting mainly 

of zirconium, also show precipitation after a short time. 

Actually, tantalum should be the best suitable metal for 

the present purpose, since it shows a better corrosion behavior 

than titanium and forms a protective surface film, when connected 

as an anode, ’which is far more resistant and can withstand far 

higher stresses resp. than titanium. But it was found surprisingly 

that titanium leads to far better results, particularly because the 

adhesive strength of a top coat of noble metal on titanium is far 

better and more stable than on tantalum. 
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Comparison tests have shown that in a }>% NaCI-solution with 

cell-voltagos between 7~9 volt and a current density of 1500 A/sqm, 

peelings and blisters with a simultaneous voltage rise appeared 

on platinum-coated tantlum anodes after a short operating time, 

which varied between 0.33 and 41 hours, depending on the type 

of coating, while the corresponding titanium anodes showed no 

defects after 112 hours, either on the core metal or on the top 

coat. A corresponding zirconium anode failed after 6 minutes, 

due to corrosion of the core metal. These results are probably 

based on the hitherto unknown phenomenon that the corrosion 

spreads between anode core and top coat in tantalum and other 

metals, detaching the topcoat, while in titanium the formation 

of the oxide film remains limited to the areas exposed at the 

pore openings. Anodes produced on a technical scale according 

to the invention showed no damages on the core material and on 

the top coat after a testing time of 1000 hours. 

Titanium has already been used for anodes in this form 

that, starting from a metallic titanium core, a carbon or 

graphite layer surrounding the latter was impregnated with 

titanium carbide formed during the melting of the titanium. 

This was done to avoid the tendency to anodic film formation, 

characteristic of titanium, and to obtain a firm bond between 

the graphite and the titanium core. A different procedure was 

thus used than in the invention, where a very thin coat of 

noble metal is used to utilize the film formation. 
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In addition, highly porous, for example, spongy titanium 

was used for the production of depolarization electrodes as a 

core material* In these electrodes an outer layer of depolarizing 

substances, such as manganese dioxide, lead oxide or silver oxide, 

were applied on the highly porous core. The depolarization coat 

can also be produced by treatment wi th sulfuric acid. In these 

depolarization electrodes it is also known to coat the titanium 

core with an intermediate layer of graphite, iron, gold or 

platinum before the depolarisor material is applied. The basis 

for the production of these depolar5.zation electrodes is the 

discovery that highly porous titanium does not form under elec- 

trolytic conditions a blocking film hindering the current flow. 

In contrast, according to tho present invention a titanium is 

used as core material which forms a blocking film under anodic 

conditions. 

Titanium was also U3ed for the production of electrolytic 

condensers. But in thi3 case too, a blocking film is formed 

with evolution of oxygen. 

It was known that titanium, acting in NaCI-solution as an 

anode, forms a blocking film as long as oxygen is evolved. But 

as soon as the formation of chlorine sets in, the blocking film 

is decomposed and a precipitate of a titanium oxide is formed in 

the solution. In view of these facts, it could not be foreseen 

that titanium, covered with a top coat of noble metal, could 

have a stable blocking film in the electrolysis of media contain¬ 

ing chlorine ions. 

I 
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It is important for the realization of the invention that 

titanium can form a stable blocking fi3.ra in aqueous solutions 

or melts containing chlorine ions, while such a blocking film 

is only formed in other metals when oxygen is evolved directly 

on the anode. 

For the production of an anode which has, according to the 

invention, a titanium core coated with a noble metal layer, the 

blocking film can be formed on the spot, that is, in the elec¬ 

trolytic bath in which the coated electrode is to act as an anode. 

But the blocking film can also be applied by a preceding treatment 

at the pores on the core metal coated with noble metal. 

Preferably the blocking film is applied by a preliminary 

treatment, namely by electrolysis. It is advisable to form the 

blocking film at a higher voltage than the voltage in the antici¬ 

pated normal use as an anode. This way it is ensured that the 

blocking film will be stable in operation. 

The thickness of the top coats of noble metals used according 

to the invention can be extremely low, for example, about \ micron. 

Preferably the thickness of the top coats is about 1 micron. 

The following examples will illustrate the invention. 

Example 1. 

If titanium is charged into an aqueous solution containing 

chlorine-ions, for example, hydrochloric acid, and if the titanium 

is connected as an anode, the current Tlou drops within a few 

seconds to practically zero because the titanium is covered with 

a protective coat which makes the further current flow impossible 

and protects the underlying material completely. 
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But if a titanium plate which is coated with a rhodium 

coat of 1 micron thickness is connected in a hydrochloric acid 

solution as an anode, the current flow continues unhindered. 

The pores in the rhodium coat can not damage the underlying 

titanium, because the latter is protected at the exposed areas 

by the oxide film formed. This electrode is highly suitable 

for electrolyses of alkali chloride solutions, because there is 

practically no wear, the current density can be several times 

higher than in the know electrodes, and there is no contamination 

of the electrolyte, so that considerable maintenance costs can be 

saved. 

In addition, a much greater number of these electrodes can 

be placed into the bath within a certain space,because, compared 

to graphite or magnetite electrodes, the diameter and space 

requirement resp. of an electrode according to the invention is 

much lower. 

Since a continuous movement of the bath is of great importance 

in the electrolysis of alkali metal chlorides, these electrodes 

can be perforated, if necessary, to obtain a high rate of flow. 

Example 2. 

An electrode, which consists as in Example 1 of titanium 

with a rhodium top coat of 1 micron thickness, can also be used 

for the electrolysis of salt melts. To this end, the electrode 

is connected in an aqueous solution of 20$ hydrochloric acid as 

an anode, while a carbon plate serves as a cathode. The voltage 

between the two electrodes is gradually increased up to 150 Volt 

I 
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d-c and is maintained until the titanium plate is covered at 

the porous areas of the rhodium coat with a blocking film 

through which practically no current can pass. 

This electrode is placed in a zinc chloride melt of 330 

deg. C. Then the plate is connected as an anode and a carbon 

plate is used as a cathode. With sufficient current flow, the 

mixture remains at melting temperature even without external 

heat supply, while with a reduced current flow heat must be 

supplied from the outside. Chlorine is evolved on the anode 

and zinc is deposited on the cathode. This way it is possible 

to produce high purity zinc. 

Naturally this anode, can also be used for the electrolysis 

of other salt melts. It is of particular advantage that the 

melting temperature of titanium is at about 1800 deg.C. and that 

of rhodium at 1900 deg.C. It is therefore possible to work at 

very high temperatures without any damages. The carbon-graphite 

electrodes used for this purpose are far more temperature-sensitive 

and are therefore subject to considerable wear. 

Claims: 

1. Method for the production of an anode for electrolyses of 

aqueous or molten electrolytes containing chlorine ions, consisting 

of a core of a base metal and of a porous top coat of noble metal, 

the core being provided electrolytically with a blocking film at 

the areas where the top coat is porous, characterized in that 

titanium of such quality is used that, when it is connected in 

hydrochloric acid as an anode, the current flow drops within a few 

I 
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seconds to practically zero, that it is coated as an anode core 

with a top coat of noble metal, and that a blocking film is formed 

at the pores by electrolysis in solutions or melts contining 

chlorine ions. 

2. Method according to Claim 1, characterized in that the block¬ 

ing film is formed at a higher voltage than the voltage in normal 

U.S. Patent No. 2,6U7,079 "\ 
J. of Phys. Chemistry $7 (19^3)-p. 262-268 

Swiss Patent No 
Ger. Patent No. 

~(Trattala4ed by Carl Dp^lcii Associates me 
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t- i C1^VC51 for titanium in neutral NaCl solutions show a linear potential increase to the oxygen evolution 
, 1 hc char«c PMSfc<1 w suflicienfto deposit three oxygens on each titapium surface atom based on area as deter- 
by measurement of polarization capacity. This corresponds to a monolayer if the oxygen is present as 

•hnJ^wMr8 11° San'f ?i17,0 *i's coYttlcntly bonded oxygen. Potential vs. log time curves tor the decay of oxygen overvoltage 
shem that discharge of the double layer capacitance occurs both by a continuation of the oxvgen evolution reaction and by 
£?£,'"l t lrough » resustonce. lor the Jailor process the resistance-capacitance product increases with increasing 
total time of oxygen evolution. 1 his effect is attributed to the formation of a TiO, film. After several hours of continuous 
oxygen evolution at current densities greater than 10amp./cm.1, oxygen evolution ceases and the potential rises to +10 
v. These ©fleets arc attributed to thickening ot the Ti02 film, which grows by outward migration of titanium ions The 
snace charge of these excess positive ions in the film can account for most of the measured electrode potential, so that the 
film-’^-soIution potential is not sufficient for oxygen evolution.- At 10 v., the film breaks down and pitting occurs. 

TTOv liiUUUllLllw 

The^nodic polarization of metals has been stud¬ 
ied largely with respect to oxygen overvoltr 
tliemechanism of oxygen evolutioiJ 

is present 
on ari electrode from which oxygen is being evolved,18 

ls 1)0 Soncral agreement as to whether the 
filnfis composed of chemisorbed oxygen or of metal 
°xide||^tis recognized, of course, that the mecha¬ 
nism may not be the same for all metals and for all 

' experimental conditions. 
Bowden* measured the charge required to change 

a platinum electrode from the reversible hydrogen 
potential to the reversible oxygen potential, and 
vice versa. The potential-time curves showed 
arrests whose length depended on the duration of 
previous hydrogen or oxygen evolution. Except for 1 
the charge passed during the arrests, a definite! 
quantity of 3 X 10“3 coulomb/cm.2 was requirec 
for the change. The arrests during cathodic 
ization were considered to represent removal of ad 
oxide of platinum. The potentials of the arrest! 
were the same as those measured for a Pt02-coatef 

jx platinum wire in the corresponding solutions. 
Armstrong, Ilimsworth and Butler3 do not ag __ 

that an oxide is formed on platinum during oxygen 
evolution. They attribute the arrest to a high lo¬ 
cal concentration of oxygen, since they found the 
potential to be alleged considerably by stirring. 
rl hey say, however, that an oxide is formed on gold. 

# Pearson and Butler1 found that the potential- 
time curve for the anodic polarization of platinum 
from the hydrogen evolution potential to the oxy¬ 
gen evolution potential contains two linear regions, 
for which the charges passed are sufficient to remove 
a monolayer of hydrogen atoms and to deposit a 
monolayer of oxygen atoms. 

Hickling and co-workers6 studied the anodic 
behavior of Pt, Au, Ni, Ag, Cu and Co by an oscillo¬ 
graphic method, and observed potential-time 

(1) N. K. Adam, “The Physics and Chemistry of Surfaces,” 3rd ed., 
John W iley and Sons, Inc., New York, N. Y., p. 320. 

(2) F. P. Bowden, Proe. Roy. Soc. (London), Al25, 440 (1929). 
(3) G. Armstrong, F. R. Himsworth and J. A. V. Butler, ibid., A143, 

89 (1933). 
(4) J. D. Pearson and J. A. V. Butler, Trans. Faraday Soc., 34, 

1163 (1938). 
(5) A. Hickling, ibid., 41, 333 (1945); ibid., 43, 518 (1940); A. 

Hickling and J. E. Spier, ibid., 43, 762 (1947); A. Hickling and D. 
Taylor, Di*r.u**ion* Faraday Soc., 1, 277 (1947); Trans. Faraday 
Soc., 44, 262 (1948); 8. K. 3. El Wakkad and A. Hickling, ibid., 46, 
820 (1950), 

curves having linear portions. Hickling attributes 
rapid increases of potential to charging of a double 
Jayer, and the slower linear increases to formation 
)f films of metal oxides of definite composition, 
le found that changes of slope occur at the revers- 
)le potentials of metal/oxide or lower oxide/higher 
kide electrodes. El Wakkad and Emara,6 using 
tickling's method and also a direct method found 

Ividcnce for the consecutive formation of PtO and 
’tO*. 
. Titanium offers an example of a metal quite ac¬ 

tive in the e.m.f. series which, nevertheless, exhibits 
la marked degree of passivity toward dissolution and 
Ftoward anodic dissolution. The present authors 
have measured the cathodic and anodic polariza¬ 
tion of titanium.7 8 Further investigations have 
now provided additional information on the proc- 

involved in the anodic polarization of tita- 

C x f 'X Experimental Procedure 

attis.— Apparatus.—Polarization measurements were made by 
I the direct method, in a circular path apparatus, using sat- 
I united calomel half-cells as the reference electrodes, f^i he 

paper and cleaned by rubbing with filter paper moistened 
with ethyl alcohol, then with dry lens tissue. For most of 
the measurements, the coupons were 5.0 cm.5 in projected 
area and were cast in a plastic wafer which was inserted into 
a machined plastic holder so that the coupon was flush with 
the face of the holder. These arc designated as Tflush 
coupons." One series of measurements was made with a 
coupon of 4.0 cm.5 projected area, mounted in a machined 
plastic holder in such a w*ay that the exposed face of the 
coupon was. recessed V32 inch behind the face of the holder. 
This is designated as a "recessed coupon." Further details 
of the. apparatus arc described elsewhere.7 

Materials.—The titanium was made by the Reming¬ 
ton Arms Company. Spcctrographic analysis showed that 
it contained over 99% Ti, with 0.725y0 C, 0.25% Fe, and 
traces of other elements. All measurements were made in 
0.50 M XaCl solution, made up from analytical reagent 
grade NaCl and distilled water. The solutions were kept 
saturated with air and were held at 30°. 

Surface Area.—The surface area of the titanium coupons 
was determined by a capacitance method based on that of 
Wagner.8 The roughness factor, or ratio of real to pro¬ 
jected area, was found to be 10 ± 3. A measurement of 
surface area by krypton adsorption, obtained quito recently, 
gives the roughness factor a.s 2.2 ± 0.2. It is not entirely 
clear at this time which of these values is correct. The in¬ 
terpretation of the results has been made on the basis of the 
earlier measurement. 

(6) 3. E. S. El Wakkad and S. II. Emara, J. Chcm. Soc., 4G1 (1952). 
(7) C. D. Hall, Jr., and N. Hackerman, to be published. 
(8) C. Wagner, J. Electrochem. Soc., 97, .71 (1950). 
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Quantities which involve area are 
given in terms of projected area unless 
designated otherwise. Where real 
area, based on a roughness factor of 
10, is meant, the abbreviation cm.2roai 

Results 

All potentials are given on the 
saturated calomel electrode scale and 
arc good to 0.01 v. in all cases unless 
otherwise noted. 

Anodic Charging Curves.—Charg 
ing curves for the anodic polarizat ioi 
of titanium at constant current densi 
ties are shown in Fig. TT 

poTcnlial-nmc "curvb1 Tbr a coupon 
which was left on open circuit. Curve 
2 is referred to both t he time and the 
charge density scales. Except at the 
lowest current density, the charge re¬ 
quired to reach a constant oxygen 
evolution potential is approximately 
the ’same at all current densities 
shown. The average is 1.45 X 10 2 
coulomb/cm.5. The potential in¬ 
crease is linear for current, densities of 
2 X 10~7 amp./cm.* and larger, and 
the rates of increase are about equal, 
as may be seen in curves 4 through 7. 
At the smaller current densities of 
curves 2 and 3, the ifiitial rate of 
increase is greater than that of the 
later portions of the curves. 

Polarization at Higher Current 
Densities.—Figure 2 shows poten¬ 
tial-time curves for flush coupons 
polarized at 2 X 10-3 amp./cm.1 and 
at 6 X 10_a amp./cm.2, and for a 
recessed coupon polarized at 6 X 10 3 
amp./cm.2. At these current densi¬ 
ties, the initial linear rise of potential 
is too rapid to show up on the figure. 
After reaching the oxygen evolution 
value, the potential remains constant 
for one to several hours, then begins 
a constantly accelerating incrca.sc 
which continues to +9 to 4-10.5 v. 
It then fluctuates erratically over a 
range of +0.4 v., but maintains a 
fairly constant average value. At the 
beginning of the rapid potential rise, 
visible evolution of oxygen ceases. 
Shortly thereafter, the surface of the 
titanium develops a thin, transparent 
brown film. At + 10 v., this film 
changes to a dark blue, and pits de¬ 
velop on the coupon surface. As the 
pits grow, a white, gelatinous pre¬ 
cipitate of hydrous titanium oxide is 
formed in the solution. 

Anodic Polarization Decay and Re¬ 
polarization.—A coupon which had poiarizauon.—a cuupuu »u.u. iu,. . 
reached a constant potential of +0.19 v. on open circuit 
was then polarized anodically at 2 X 10 amp./cm. . 
The potential increased rapidly to +0.55 v., where it 
remained constant for about 40 minutes, then increased 
linearly with time'at, a rat c equal to that of a freshly 
prepared coupon polarized at the same current density, and 
finally became constant at the oxygen evolution potential, 
4 0 97 v. Another coupon which had been polarized catn- 
odirally at 2 + 10~8 amp./cm.2 to a constant potential of 
+0.12 v. was made anodic at the same current density. 
The potential increased fairly rapidly to +0.25 v., remained 
constant for about 3 hours, and then increased again at a 
rate about equal to that of a fresh coupon at the same cur¬ 

rent density. . . * , . • 
These cfTccts were further investigated in a scries of meas¬ 

urements in which a coupon was alternately polarized anod¬ 
ically and left on open circuit. The sequence of steps ot 
polarization and decay of polarization may be followed m 
the potential-time curve of Fig. 3. The current was started 
at the times designated by odd-numbered points, and was 

Fig. 2.—Time-potenthj 
0.5 M NaCl at 30“ 
amp./cm.2, flush 

stopped at times designatocMjy^cycri;numbcrcd points. 
The potential-time curves for polarization and for polari¬ 
zation decay arc shown on a larger, scale in Figs. 4 and o, 
respectively, in which the time scales start at the insiant 
of starting or stopping the current. These curves are num¬ 
bered to correspond to the sections ot Fig. 3 beginning with 
the indicated number, c.g., curve 2 extends from point 2 to 
point 3. Figure 6 shows the data for polarization decay, 
plotted as potential vs. log time. . 

The anodic current density was 6 X 10 amp./cm. m 
the original polarization of curve 1, and in the repolariza- 
tions of curves 3, 5, 7 and 9. In the ^polarizations of 
curves 11 and 15, the current density was - X 10 amp./ 
cm.2. At point 13, eatfuxlic polarization was s.ar.cd at Z 
X 10~7 amp./cm.2, and.the current density was increased 
in steps to 2 X 10~4 amp./cm.2, where it was held for 4o 
minutes. At this current density, hydrogen was evolved 
slowly at a potential of —1.20 v. Alter the cathodic cur¬ 
rent was stopped, the potential increased, finally becoming 
constant as showrn in the last part oi curve 14, r lg. o. 
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area occupied by each tita¬ 
nium atom, about 3.3 atoms 
or ions of oxygen. 

It is not possible to deter¬ 
mine with certainty whether 
the oxygen in the chemi¬ 
sorbed layer is present as 0“ 
ions, or whether the ions 
have given up their electrons 
to the metal and remain as 0 
atoms. However, this ques¬ 
tion may be considered from 
the standpoint of the sizes of 
the two types of particles. 
The radius of an oxide ion in 
ionic crystals is 1.40 X 10~8 
cm. Taking this as an ap¬ 
proximation of the radius of 
a chemisorbed oxide ion, the 
area occupied by each ion in 
a hexagonally close-packed 

which current lO-1 cm.-, 

The rate of increase of potential for the original polariza¬ 
tion, curve 1 of Fig. 4, is the same as that for the polariza¬ 
tion at the same current density shown in curve G of Fig. 1. 
In each subsequent repolarization at 6 X 10“8 amp./cm.3, 
the potential reached the oxygen evolution potential, 4-1.23 
v., in less than the 30 seconds required to make the first 
reading. By repolarizing at 2 X 10“7 amp./cm.5, it was 
possible to follow the potential increase as shown in curves 
11 and 15. From curve 11, it is calculated that the capaci¬ 
tance of the titanium surface is 3 /if<l./cm.JrMi, and the 
charge required to repolarize to the oxygen evolution poton- 

Discussion 

Anodic Charging Process.—The increase 
potential in the original polarization of a freshl_ 
prepared titanium coupon is proportional to thq 
quantity of electricity that has passed, and there 
fore presumably to the amount of oxygen that ha: 
been deposited on the surface/"riowevi!TiJth 
measuTTiliunU oil 'polaniinticm. gttffay and TCp@S3ri- 
zation show quite clead^gtflSfuie phenomenon is 
more complex^pWffattlie potential is not, under 
all coriditimtSfsimply a function of the quantity of 

present on the surface. The results indi¬ 
cate that two distinct processes occur simultane¬ 
ously: anodic deposition of oxygen on the tita¬ 
nium surface, and charging of an electrical double 
layer. 

The original polarization to the oxygen evolution 
potential requires a charge 360 timCs as~great" as 
that required for rcpolarization after the polariza¬ 
tion has been allowed to decay on open circuit. It 
is obvious that the original polarization produces a 
change on the surface which is not reversed by 
standing on open circuit. This irreversible change 
may be best explained as the deposition of a layer 
of chemisorbed oxygen. The charge used in de¬ 
positing oxygen is essentially equal to the total 
charge of the original polarization. It is equal to 
9.0 X 1016 elcctrons/cm.2. The area occupied by 
each atom in the titanium surface may be calculated 
to be 7.4 X 10~16 cm.2. Thus, the polarizing 
charge is equivalent to 6.0 electrons for each tita¬ 
nium atom in the surface, and can deposit, on the 

layer is G.8 X 
and there are 1.5 X 1015 
0~/cm-2 in a monolayer. The 

charge passed in polarizing to the oxygen evolution 
potential is equivalent to 4.5'X 1015 0“/cm-2reai, 
or three layers of oxide ions. It does not seem 
likely that the electrostatic repulsion of these 
closely packed negative particles would permit a 
film three layers deep to have the degree of stability 
observed for the chemisorbed oxygen. In the 
strong electric field present at the oxygen evolution 
potential, dipole attraction between the highly polar¬ 
izable oxide ions would assist in stabilizing the film, 
but this effect would largely disappear on open cir¬ 
cuit, and rcpolarization would then require a larger 
charge than is observed. 

The radius of covalently bonded oxygen, 0.74 X 
10-8 cm., may be used as an approximation of the 
radius of a chemisorbed neutral oxygen atom. The 
area for each atom in a hexagonally closed-packed 
layer is then 1.9 X 10-16 cm.2, and there are 5.3 X 
1016 O/em.2 in a monolayer. The original polariz¬ 
ing charge can thus deposit 4.5/5.3, or S5%, of a 
monolayer. The difference between this and a 
complete monolayer may be accounted for either by 
[the uncertainty in the value for the roughness fac- 
or, or by assuming that some hydroxyl radicals are 
ncludcd in the layer. This approximation of a 
onolayer and the lack of repulsion between the 

.eutral particles, provide good arguments for as- 
:uming that‘the chemisorbed oxygen is present as 

neutral atoms. 
The increase of potential with time at zero ap¬ 

plied current‘density is obviously caused by some 
process which occurs spontaneously on the tita¬ 
nium surface. This process is assumed to be the 
chemisorption of oxygen from the aerated solution. 
According to the electron configuration theory of 
passivity,9 such a chemisorbed film causes the po¬ 
tential of the metal to become more noble by satis¬ 
fying the residual valence forces of the metal atoms 
in the surface. Uhlig10 considers this “chemical 
passivity0 to be “the important factor in explaining 

(9) IT. U. Uhlig rtrul J. WuUT, Trans. Am. Inst, ^finin2 Hfct. En^rs., 

135, 494 (1939); II. II. Uhlig. Trans. EUctrochtm. Soc., 85. 307 (1944). 

(10) II. H. Uhlig, /. EUctrochem. Soc., 97, 215C (1950). 
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Fig 4 —Time-potential curves for anodic polarizatparh and repolarization of 
titanium in aerated 0.5 M Nad at 30°. (For explanation of curve numbers, see 
Fig. 3.) O, 6 X 10"« amp./cm.5; O, 2 X 10“7 anip./cm.1 

corrosion resistance of metals . . . such as . . . ti¬ 
tanium . . The process of spontaneous pas¬ 
sivation approaches its . limit as the potential 
approaches +0.2 v. This potential, attained 
by a fresh coupon when left on open. circuit 
is approximately the same as that attained in 
the decay of the oxygen overvoltage. It appar¬ 
ently represents the zero-current 
potential of titanium on which 
oxygen is chemisorbed, eithcr 
spontaneously or by anodic 
deposition. 

The adsorption of oxygen, in- ^ 
creasing the potential in propor¬ 
tion to the number of atoms ad¬ 
sorbed, can account for only a 
part of the potential increase 
during the original polarization, 
since the potential after open- 
circuit decay of polarization is 
only +0.2 v., even though all of 
the adsorbed oxygen is known 
to be still present. The major 
portion of the increase to the 
oxygen evolution potential must 
occur in the diffuse double layer. 
The capacitance of thus double 
layer, as determined from the 

since a part of the oxygen in the 
adsorbed layer originates as 02, 
and docs not require current for 
its adsorption. 

Decay of Anodic Polarization.—• 
When the current to an anode is 
stopped during oxygen evolution, 
the reaction must continue at a 
rate determined by the potential. 
The double layer is discharged, 
and the potential decreases. Arm¬ 
strong and Butler11 show that, for 
an electrode reaction whose rate is 
/ = keaE, the potential during 
decay of overvoltage follow^ the 
equation E = K — 0.12 log t} 
where K is a constant and t is time 
after stopping of the current. The 
present results for titanium show 
partial agreement with this equa¬ 
tion, as may be seen in Fig. 6. 
Curves 6, 8 and 10 have short 

about -0.12 in the region of arrests of slope - - 
+0.8 v. Curve 12 and curve 16 down to +0.65 
v., are almost linear, and have slopes of —0.10 and 
-0.12, respectively. At lower potentials, all of 
the curves except curve 12 have slopes of about 
— 0.5, until they level off at +0.05 to +0.16 v. 
The length of the arrest having a slope of —0.12 is 

0.2 

o 4-0.2 

+ 0.4 

< 4 0.8 

30 

# TIME (MINUTES}. 

... . . Fig. 5.—Time-potential curves for open-circuit depolarization of titanium, follow- 
initial rato of increase of noten- ing anodic polarization, in aerated 0.5 M NaCl at 30°. (For explanation of curve E&t&SSSZ is about -nbera, ~ "«■ 3> O, following 0 X lO-amp./cm- O, follow.ng 2 X 10- amp./ 

3 jufd./cm.2rcai* This is smaller c * * 
than the capacitance usually measured on an anode 
or cathode surface. 

At very low applied current densities, the charg¬ 
ing curves (Fig. 1) are non-linear in their early por¬ 
tions. This is because the initial rate of chemisorp¬ 
tion of dissolved oxygen is greater than the rate of 
deposition of oxygen from 011“ by the applied cur¬ 
rent. At potentials higher than +0.2 v., the spon¬ 
taneous chemisorption does not occur, and the po¬ 
tential increase is then linear at the rate determined 
by the applied current density. The total charge 
passed by the applied current in reaching a constant 
potential is lcs3 than at higher current densities, 

greater with longer time of previous oxygen evolu¬ 
tion. Comparison of curves 6 and S shows that the 
arrest is shortened slightly by prolonged standing on 
open circuit during the step of curve 6. The arrest 
is shortened also by cathodic treatment preceding 
an anodic polarization and polarization decay, as 
shown by curves 12 and 16. 

If a capacitance C is charged to a potential Eq, 
and discharged through a resistance R% the potential 
E' during discharge is Er — E^e~l^RCt where t' is 
in seconds, R is in ohms, and C is in farads. This 

(11) G. Armstrong and J. A. V. Butler, Tran$. Faraday Soc.t 29, 

1261 (1933). 
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function may be written 

V « -2.3ftC log £'/%', or 

log l* - 0.3G 4* log RC 4* log ( — log E'/E0') 

A plot of Ef vs. log V is a sigmoid curve asymptotic' 
to E' = Eq and to Ef = 0. Its middle portion is 
nearly linear. The maximum slope, which occurs 
at E' = El/e == 0.37 Ei, is 

6E'/d \ogr~ —2.ZEo'/e « -0.85/V 

The slope thus depends only on Ei A change in 
RC shifts the entire curve along the log t' axis. A 
family of such curves having different values of RC 
strongly resembles the curves of Fig. 0 at potentials 
below the arrest. This suggests that the potential 
below the arrest is controlled by the discharge of the 
double-layer capacitance through a leakage resist¬ 
ance, and that the effect of increasing the time of 
oxygen evolution is to increase the value of the prod¬ 
uct RC. 

boundary at the metal surface. The second proc¬ 
ess is leakage of current around the double layer 
boundary through an external resistance. The 
two discharge paths are electrically in parallel, so 
that the currents are additive. In the early part 
of each discharge, the oxygen evolution current is 
the larger, and the potential follows the logarithmic 
equation, giving a linear E vs. log l plot.' As E ap¬ 
proaches the reversible oxygen potential, the cur¬ 
rent for oxygen evolution approaches zero. When it 
becomes smaller than the leakage current, the po¬ 
tential obeys the exponential decay law, giving a 
sigmoid E vs. log t curve. In successive steps of 
polarization decay, following longer oxygen evolu¬ 
tion, the amount of Ti02 on the surface becomes 
larger. Thus RC is larger and the leakage current 
is smaller. The arrest, i.e., the logarithmic decay, 
is lengthened, since it continues so long as the oxy¬ 
gen evolution current is larger than the leakage cur¬ 

rent. In curves 2 and 4, the arrest 
apparently ended before the first 
reading was made. 

The sigmoid portions of the ex¬ 
perimental curves do not have ex¬ 
actly the same shape and slope as 
the theoretical E' vs. log t' curves, 
because the time scale is not based 
on the start of the exponential de¬ 
cay. Since the exponential equa¬ 
tion applies only after the oxygen 
evolution current becomes negli¬ 
gible, the proper initial values, i.e., E' = E'q at V = 0, are those exist¬ 
ing at the time of changeover of 
control from logarithmic to ex¬ 
ponential. Since the currents for 
the two types of discharge are com¬ 
parable near the changeover, it is 
not very sharp, but it may be taken 
to be the end of the linear arrest. 
If the potential and time at this 
point are designated as Ec and tc, 
and the final constant potential as 
2?r, then Eo' = E0 — Et, and t' = t — 

tc. In Fig. 6, the apparent changeover point on curve 
1G is marked with an X, at t0 — 1500 seconds, and 
E vs. log /' is plotted as a broken line. Similar 
curves for the earlier polarization decay steps would 
lie closer to the log t curves* A value forAo may be 
obtained from each curve as — (dZ7/d log Omax/0.85". 

These values probably are more reliable than 
those calculated as Ec — E[, because of the indefini- 
tencss of the changeover point. The exponential 
decay equation shows that when V — RC, E' = Eq 

e~l =' 0,37Z?<J. Thus, RC may be obtained from 
the experimental curves at t' when E = Et + 0.37 
Eq. For curve 1G, this point is marked with a -f 

n the broken curve. The values of RC are: curve 
2, 210 sec.; curve 4, 310 sec.; curve G, 1200 sec.; 
curve 8,930 sec.; curve 10,2400 sec.; and curve 16, 
4000 sec. From curves 2 and 10 it is seen that RC in¬ 
creases more than 10 times in 2 hours of oxygen 
evolution. 

Anodic Processes at High Current Densities.— 
The Ti02 film which forms on the metal surface 
during oxygen evolution is considered to be dis- 
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Fig. 6.—Potential vs. log time for open-circuit depolarization of titanium, fol 
lowing anodic polarization, in aerated 0.5 M NaCl at 30°: Q, following G X 
lO^1 amp./cm.*; ©, following 2 X 10-7 amp./cm.*. 

Since the length of the arrest in Fig. 6 depends on 
the total time of previous oxygen evolution, rather 
than on the duration of the immediately preceding 
polarization step, it is obvious that whatever causes 
the lengthening of the arrest is not substantially 

dost during polarization decay. It is known that a 
visible Ti02 film is formed on the surface after oxy¬ 
gen evolution ceases at high current densities, and 
it is likely that some Ti02 forms during oxygen evo¬ 
lution. It is, therefore, probable that Ti02 also 
forms, although very slowly, at low current densi- 

’ ties. The gradual accumulation of Ti02 could 
quite conceivably cause an increase of RC, and 
thereby lengthen the arrest. Cathodic polarization 
would be expected to remove some Ti02 and 
shorten the arrest. 

All of the curves of Fig. 6 are in accord with an 
assumption that the double layer is discharged by 
two processes, one a logarithmic function, the 
other an exponential function of time. The first 
process is oxygen evolution, which requires the 
passage of electrons through the double layer 

I , , ^ r-- J...f., -r-T-r-,. 

• \ 
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tinct from the layer of chemisorbed oxygen which 
is. deposited during the linear potential rise in the 
original polarization. The basis for.the distinction 
is that the titanium atoms on which oxygen is 
chemisorbed arc not removed from the metal lat¬ 
tice, whereas this removal is required for the forma¬ 
tion of the metal oxide. It is probable that tita¬ 
nium atoms arc removed from the metal lattice 
only at the rather high positive potential which ex¬ 
ists on the electrode during oxygen evolution. The 
higher oxygen overvoltage at larger current densi¬ 
ties thus accelerates the formation of Ti02. How¬ 
ever, even at high current densities only a small 
fraction of the total current is used in forming Ti02 
during oxygen evolution. This is shown not-only 
by the active evolution of oxygen bubbles, but also 
by the lack of a visible oxide film untilaftcr oxygen 
evolution has stored. 

The appearance of a visible surface film shortly 
after the cessation of oxygen evolution suggests that 
the cessation is caused by some degree of completion 
of a TiOnffm. It is not likely that just a uniform 
monolayer is formed, since this would require that 
Ti02 be formed more easily where the metal is cov¬ 
ered by chemisorbed oxygen than where some oxide 
is already present. According to Uhlig’s theory of 
passivity, the adsorption of oxygen on a metal atom 
decreases the tendency for that atom to react, 
whereas the removal of the atom from the metal 
lattice to form an oxide molecule exposes the under¬ 
lying atoms and permits it to react. Thus there 
should be a preference for further rc 
some oxidof js .already p resell lifter a spot bc7 

c"6mcs several layers thick, further thickening re¬ 
quires a higher potential, and there is then an in¬ 
creasing tendency for spreading of the spot by! 
formation of Ti02 at the edges. Thus the spots of ] 
oxide film can grow both by thickening and by 
ipreading laterally_‘ " __ 

_ * w c break 
the curves at the beginning of’thc second potential 
rise. The cessation of oxygen evolution, which oc¬ 
curs at about +2 v., may be taken as the dividing 
point between the constant or slowly rising poten¬ 
tial and the rapid potential increase. For reasons 
presented later, it is presumed that oxygen evolu¬ 
tion is diminished where an oxide film is present, 
and is prevented where the film is sufficiently thick. 
Thus, as the area of the uncoated surface decreases, 
the current density for oxygen evolution, and the 
oxygen overvoltage, must increase. This can ac¬ 
count for the slow increase of potential during oxy¬ 
gen evolution which is seen in Fig. 2. As the area 
of the uncoated surface becomes smaller, a given 
increase in the coated area constitutes a larger per¬ 
centage decrease in the uncoated area. Also, as 
the potential becomes higher, the rate of formation 
of Ti02 increases, until, just before the film is com¬ 
pleted, this process uses almost all of the applied 
current. Both of these effects tend to cause the 
acceleration in the potential increase which occurs 
shortly before oxygen evolution stops. 

After the cessation of oxygen evolution, all of the 
current is available to form Ti02, and the film thick¬ 
ens rapidly. The formation of Ti02 requires the 
movement of either titanium or oxide ions thro;... i 

the Ti02 film. The positive titanium ions are much 
smaller than the oxide ions, and, therefore, are al¬ 
most certainly the ones involved in the migration. 
They leave the surface as a result of the applied 
potential, pass through interstitial positions in the 
Ti02 film, and combine with oxide ions at the film- 
solution interface. 

In a recent paper,12 Haring has proposed a mech¬ 
anism for the formation of an oxide film on a tanta¬ 
lum anode, and for the rectifying properties exhi¬ 
bited by this film. Although there are marked dif¬ 
ferences between the behavior of tantalum and that 
of titanium, Haring’s mechanism for film growth 
and film breakdown seem to apply to the behavior 
of titanium during the second anodic potential rise. 
Haring proposes that the positive metal ions in 
transit through the oxide film constitute a space 
charge which is balanced by oxide ions adsorbed on 
the outer surface of the film. The concentration of 
excess positive ions is greatest near the metal surface 
jid falls off toward the solution. This unsymmet- 
jfal charge distribution constitutes a potential 

jpulient which is maintained by the applied poten¬ 
tial. A certain minimum potential gradient is re- 
luircd for movement of the metal ions through the 
jxide. An applied potential gradient in excess of 
jie minimum accelerates the removal of metal ions 

flom the metal surface and their migration through 
tie oxide film, so that the actual potential gradient 
diring film growth is maintained at a value only a 
little above the minimum. The total potential 
difference through the film thus is proportional to 
tHp thickness of the film. The measured potential 
offthc electrode consists of this potential difference 
phis the potentials across the mctal/oxide and the 
oxlle/solution interfaces. The oxidc/solution po- 

Lial is the only part of the total potential which 
railablc for the oxidation of OH- to 02, and dur- 
film growth, prior to film breakdown, this po- 
|al is not large enough to cause oxygen evolu¬ 

tion. This can explain the lack of oxygen evolu¬ 
tion on titanium during the second potential rise. 
The same considerations apply to the oxide-coated 
spots during oxygen evolution. At these sites, 
most of the electrode potential lies within the field 
of the space charge in the oxide, vrhile on the un¬ 
coated areas the full potential is available to pro¬ 
duce oxygen evolution. 

Haring's mechanism for film grow*th requires an 
approximately linear increase of potential at con¬ 
stant current, at a rate proportional to current 
density. Figure 2 shows that the rate of increase 
on titanium increases with time and is not propor¬ 
tional to current density. The discrepancy prob¬ 
ably is caused by the necessity for completing the 
coverage of the surface and by film defects where 
impurities arc present in the metal surface. Also, 
non-uniform current distribution on the coupon 
surface may play a part. This effect shows up in 
the different behavior of the flush-mounted and 
the recessed coupons at the same current density. 
The sharp edge of the flush coupon v'as not in close 
contact with the plastic mounting and so v'as ex¬ 
posed to the solution. There was thus a concen¬ 
tration of current at and near this edge. The re- 

(12) IT. E. Haring, J. EUclrochem. Sqc., 99, 30 (1952). 
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cessed coupon was bounded by a plastic gasket 
pressed against its face, so that only a plane surface 
was exposed, giving a more uniform current distri¬ 
bution. 

According to Haring, the total charge carried by 
the excess positive ions within the film increases as 
the oxide film thickens. This requires a corre¬ 
sponding increase in the number of oxide ions ad¬ 
sorbed on the outer surface of the oxide film, and 
causes an increase in the potential across the oxide/ 
solution interface. When this latter potential 
becomes large enough, oxygen evolution begins 
again.. This reaction, unlike the reaction of metal 
ions with oxide ions involved in film growth, yields 
electrons at the solution side of the film. These 
electrons, in moving through the film toward the 
metal, neutralize some of the positive metal ions, 
thereby decreasing the space charge and permitting 
the movement of more positive ions from the metal 
into the film. These ions tend to follow the path of 
best conductance established by the inward-moving 
electrons. The result is a sporadic pattern of film 
growth and local breakdown of the film. 

The local film breakdown would be expected to* 
occur at the areas of highest current, density, ix., 
at the edges of the flush coupons. This is where pi ts 
were found after the potential had been at +10 v. 
for a.while. Film breakdown at points along the 
sharp edge would cause further concentration of the 
current at these points. In these pits, titanium 
ions arc removed from the metal so rapidly that 

they move some distance away from the surface 
before combining with oxide or hydroxyl ions, so 
that a hydrous oxide precipitate forms, instead of 
an adherent oxide film. It should be noted that 
while the pits arc enlarging, the growth of the com¬ 
pact film continues on the rest of the surface, at a 
potential of about 10 v. This very high potential 
at the pits probably cannot be attributed to a po¬ 
tential through a remaining oxide film, but instead 
is probably caused by large ohmic resistance and 
concentration polarization effects in the electrolyte 
within the pits, where the current density is very 
high. 

There is no experimental evidence that oxygen 
evolution begins on titanium at the end of the second 
potential rise, ix., at 10 v. Some bubbles were ob¬ 
served at the edges of the coupons, but these could 
be due to the aeration of the solution, or to the ear¬ 
lier oxygen evolution./ However, the evolution of 
a visible quantity of oxygen probably would not be 
required to initiate film breakdown by Haring’s 
mechanism. After breakdown has occurred at a 
few points, the electrode reaction at these points 
may change to the direct anodic oxidation of tita¬ 
nium, followed by precipitation of the ions as a 
hydrous oxide. 
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of Naval .Research Contract 375(02). This re¬ 
search is being continued under this same con¬ 
tract. 

the effect of ultrasonic waves on hydrogen 
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The effects of ultrasonic waves on hydrogen overvoltage have been investigated at 300 kc./sec. in terms of a bright plati- 
num surface.. Polarization measurements have been made by the indirect method with an electronic commutator and 
gated potentiometer. The acousucal amplitude has been determined with a calibrated barium titanate hydrophone. 
In the absence of ultrasonic waves, the overvoltage has been found to follow the Tafel equation in both sulfuric and hydro-* 
chloric acid solutions at current densities from 0.2 to 30 ma./om.2 with a Tafel slope of 0.03 and an intercept constant of 0.12. 
The decay of the overvoltage with time has been observed to be as low as 1 mv. during a period of 0.00L sec. following the 
interruption of the polarizing current. These results support the theory that.the atomic combination step is responsible 
for hydrogen overvoltage on platinum. The Tafel slope has been found to depend to a minor extent on the type and the 
CPnc£n^ri,l^on c^cctrofvte. Ultrasonic waves at cavitation levels produce a decrease in the overvoltage without modifying 
the Tafel slope. Approximately two-thirds of this depolarization persists after the radiations have ceased. The initial 
values for the polarization before irradiation are recovered if the polarizing current is turned off for a matter of minutes. 
The instantaneous component of the depolarization is explained on the basis that the ultrasonic waves greatly reduce the 
concentration gradient with respect to dissolved inni-. ular hydrogen at the electrode surface. The residual depolarization 
is interpreted in Urms of the stripping off of irreversibly adsorbed species on the surface: The latter probably arc adsorbed 
at the lower potential of the electrode prior to passage of polarizing current and are not readily readsorbcci at the more 
cathodic potential of the polarized electrode. 

Introduction 
Ultrasonic waves are capable of producing a.c. as 

well as d.e. u.anges in the potential of a polarized 
gas electrode such as the hydrogen electrode. The 
former effect3 appears to depend primarily on the 

(1) Presented at the symposium on Electrode Processes at tho 

national meeting of the American Chemical Society in Atlantic City 

in September, 1952. 

(2) Work partially supported by the OfHro of Naval Research under 

Contract No. N7 onr 47002, Project No. NR 051 1G2. 

(3) E.g., E. Yeager and F. IIovorka, J, Electrochem. Soc., 93, 14 

modulation of the IR drop in the immediate vicin¬ 
ity of the electrode as a result of the periodic varia¬ 
tions produced in the bubble size by the ultrasonic 
waves. The d.c. effect is more interesting in terms 
of fundamental information concerning polariza¬ 
tion. Ultrasonic waves would be expected to pro¬ 
duce a decrease in the polarization associated with a 
hydrogen electrode for the following two reasons. 

(1951); E. Yeager, J. Bugosh, IT. Dictrick and F. IIovorka, J. Acouit. 

Sor.. Am., 22, GSG (1950). 
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In Canadian patent 604,415, issued August 30, I960, 

there is disclosed an anode composed of a core of titanium 

and a porous coating of a noble material or another 

electricity conducting resistant material, the core of which 

5 is electrolytically provided with a barrier layer of 

titanium oxide in the places w'here the coating is porous. 

According to said application the barrier lay s iPr0YA.^e4. 

after the core has been provided with the__cpa_tinyg# 

j 
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According to Canadian Patent No. 623,713, issued 

July 11, 1961, the barrier layer is likewise provided after 

the core has been provided with a porous coating of a 

noble metal or another electricity conducting material, but 

according to said patent, the formation of the barrier layer 

is effected by a chemical and/or a thermal treatment whereby 

the barrier layer is obtained in a stable form which is 

substantially chemically inert. According to said patent, 

it is possible, for example, to convert the extremely thin 

layer of oxide already present on commercial titanium into 

another stable form of titanium oxide by heating the 

titanium in contact with the air* 

The present invention is based on the insight tnat 

in the manufacture of an electrode of the above type 

mentioned herein, namely an electrode consisting of a core 

of titanium and a porous coating of a noble metal, it is 

of advantage to cause the barrier layer of titanium oxide 

to form before the coating is applied. 

I have found namely that of all of the so-called 

filmforming metals only titanium has the particular 

property that if it is entirely covered with a layer of 

the oxide and is afterward provided with a coating of a 

noble metal, it does not at all interfere with the 

electronic current-passage therethrough. 
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The filmforming metals i.e. the metals 

which have their surface easily oxidized bj 

contact with the air generally appear owing to 

the presence of an oxidefilm to offer a great 

resistance against the passage of current both 

ag'inst the ionic currentpassage - e.g. as 

electrode in an electrolysis bath and against 

the electronic currentpassage - e.g. in the 

case of a metal-metal cont-ct. Thus an electrode 

having a core of aluminium, which metol has been 

oxidized in the air or has intentionally been 

provided with a layer of oxide (e.g. by 

anodising it) and a costing of a noble metal 

offers a great resistance against the passage 

of electric current. 

The invention, therefore, relates to a 

method of manufacturing an electrode composed 

of a core of titanium and a coating of a noble 

metal, which method is characterized in that 

the core of titanium prior to being provided 

with the coating, is electrolytically or 

thermally and/or chemically provided with a 

layer of titanium oxide. 

> 
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In carrying out the method according to 

the invention it is not necessary and even entirely 

superfluous to free the surface of the titcnium 

from the adhering oxide film by pickling, e.g. in 

a solution containing hydrogen fluoride and to 

coat the pickled surface as soon as possible in 

order to prevent that a fresh layer of oxide 

will form upon contact of said surface with the 

air. 

Seeing that it ir the intention to provide 

the titanium whereever it will come into contact 

with the electrolyte, with a barrier layer of 

titanium oxide said barrier layer may be provided 

without removing the oxide film naturally present 

by pickling. The application of the barrier layer 

may be effected both electrolytically.and by a 

chemical and/or a thermal treatment. In the 

electrolytic method it is advisable to form the 

barrier layer at a volta.ge higher than the 

voltage which will be normally applied when the 

electrode is used as anode. The chemical end/or 

thermal treatment is preferably effected by 

heating the metal in an oxidizing atmosphere at 

- temperature up to about 700 C. In a neutral or 

even a weakly reducing atmosphere it will also 

be possible to heat the metal at a slightly higher 

temperature. In both cases best results are 

obtained by gradually cooling the titanium thus 

treated. 
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When applying the coating of a noble metal 

csre should be taken that the reducing conditions 

required therefor are not of such a nature that the 

barrier layer of titanium oxide formed is adversely 

affected. When the coating is galvanically deposited 

the electrolysis should take place at a low voltage 

so that not too much hydrogen is liberated at the 

cathode. Also in the case of a chemical or semi- 

electrolytical deposition of the noble metal - e.g. 

by reduction of salts of noble metals or by the so- 

called "brushing method" - the necessery precautions 

should be teken to prevent an injurious reduction of 

the barrier layer of titanium oxide. This will be 

further elucidated in the examples. 

An advantage of the electrode manufacture by 

means of the method according to the invention is that 

it is certain now that in all places on the surface 

where the coating is lacking, so both in the places 

where the coating is porous and also there where no 

coating is provided, there will be a conductive 

resistant barrier layer of titanium oxide. Besides 

no difficulties will be encountered in case the 

coating is damaged. Furthermore it is possible to 

provide the electrode with a fresh costing.for a 

substantially unlimited number of times if this is 

considered necessary. 
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Du-ring the re-coating of the electrode the 

barrier layer once formed remains intact. So far it 

has been conventional to pickel such an electrode 

after a certain number of hours during which it had 

been operative, which resalted in losses of material* 

An additional advantage of the present method 

is that it is easy to deposit' alloys of noble metals* 

It also appears that the adherence of the coating 

of-- noble metal to the titanium oxide will be stronger 

owing to the roughness and especial structure thereof 

than the adherence to the smooth surface of non- 

oxidized titanium metal. 

Example 1 

A plate of titanium-metal is thoroughly 

degreased by rinsing it with e*g* petrol or carbon 

tetra chloride* The plate is dried and placed as anode 

between two graphite cathodes in a solution of 95 parts 

by volume of concentrated phosphoric acid (98$ or more) 

and 5 parts by volume, of•concentrated nitric acid. The 

voltage between the titanium anode and the graphite 

cathodes is gradually raised to 100 volts, a barrier layer 

of titanium oxide forming which also.after the 

termination of the electrolysis remains of excellent 

quality. 

On to the plate of titanium provided with s?id 

electrolytically formed barrier layer a homogeneous 

mixture is sprayed which is composed of 

100 parts by volume of absolute ethanol 

10 parts by volume of rhodium trichloride 

2 parts by volume of coloured Venetian turpentine 

5 parts by volume of hydrazine-mono hydrochloride. 

30 



When from the colour it appears that the entire 

plate is covered by the mixture, the plate is dried and 

the whole is heated in an open flame to a temperature 

of at most 700°C. A rhodium coating of about 2 microns 

will form. 

The electrode thus manufactured is found to be 

very satisfactury when U3ed as anode for carrying out 

electrolyses of all kinds of electrolytes, more 

particularly also of baths containing chloride, with 

the exception only of electrolyses evolving fluorine. 

The allowable current density is 70 amperes per square 

decimeter of higher. 

Instead of the mixture mentioned above it is also 

possible to apply by means of a brush mixture of 

100 parts by volume of absolute ethanol 

10 parts by volume of platinum tetraiodide 

2 parts by volume of rhodium trichloride 

1 part by volume of lavendel oil 

3 parts by volume of colophonium resin 

5 parts by volume of hydrazine. 
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By a careful heating an alloy of platinum and 

rhodium will form on the barrier layer on the surface 

of the titanium plate, which barrier layer is just as 

satisfactory as a coating of rhodium only. In addition 

5 the excessive potential of this electrode is appreciably 

lower than of a similar electrode having a rhodium coating, 

which leads to an economization in current. 

Example 2 

A rod of titanium is degreased in the manner 

10 described in example 1 and placed for some hours in an 

aqueous solution containing 30$ of nitric acid to 

remove foreign parts of metal which may be present on 

the surface of said rod. 

The rod is subsequently heated for two hours in 

15 a current of air ,or oxygen at a temperature of 525°C 

■ whereupon it is gradually oooled. 

The rod thus provided with a barrier layer of 

titanium oxide is coated with 'an extremely thin layer 

of rhodium by means of the so-called electrolytic 

20 brushing method. * 

To this end the titanium rod is connected to 

the negative pole of a source of direct current, the 

positive pole consisting of a core of carbon wrapped 

in porous material such*as wool or cotton wool, which 

25 material is soaked in a alcoholic solution of a complex 

organic rhodium compound, which solution also contrins 

a strong reducing agent e.g. hydrazine. If this moist 

anode is pressed on to the titanium rod rhodium metal 

will precipitate thereon. 
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This is partly the result of a normal electrolysis, 

while during the passage of the current through the 

alcoholic solution heat is liberated due to the high 

resistance, so that the volatile components evaporate 

and the hydrazine can exert its reducing action. 

The precipitated rhodium will adhere particularly 

Strongly to the barrier layer of titanium oxide, which 

barrier layer is not adversely affected by the conditions 

prevailing during the method described. 

By moving the anode towards the portion of the 

rod where it is desired to obtain the coating of 

rhodium it is possible, for example, to coat the rod 

for three quarters of its length with rhodium. The 

remaining quarter need not be provided with a costing, 

because during the use of the rod as anode said 

remaining quarter is not submerged in the electrolyte. 

Because also said remaining quarter has its surface 

provided with a barrier layer of titanium oxide it is 

not possible for the titanium to be damaged by droplets 

of the electrolyte and the like. 

The titanium rod thus treated is s very 

satisfactory anode for the electrolysis of alkali 

chloride solutions, oxidation of aldoses etc. 

c 
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Example 3 

Titanium gauze is degreased and purified in the 

manner as described in example 2. Subsequently the 

gauze is heated for three hours in an atmosphere of 

5 argon at a temperature of 1100°C. It appears that by 

this treatment the titanium oxide already present on 

the surface of the titanium metal i3 converted into a 

chemically more resistant layer which excellently 

protects the subjacent titanium, while the current is 

10 more easily conducted electronically, so that a layer 

of noble metal can be deposited thereon. 

For this purpose the gauze is placed in a bath, 

containing an aqueous solution of H6.PtCl6,6K20. The 

gauze is connected to the negative pole of a source of 

15 direct current, a plate of platinum serving as anode. 

In order to prevent the barrier layer of titanium 

oxide on the titanium gauze being damaged by a strong 

evolution of hydrogen, the electrolysis is carried out 

at as low as possible a voltage. A suitable voltage is 

20 about 1.73 volts for a space of 3 centimeters between 

the electrodes. After six hours an extremely thin, well 

adhering layer of platinum has deposited. 

The electrode thus manufactured is very well 

suited inter alia for the electrolytic preparation of 

25 persulphates, perborates etc. 
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Example 4 

A plate of titanium is pre-treated in the manner 

as described in preceding examples* However, the 

degreasing is effected more efficiently by condensing 

vapour of the solvent on to the plate, so that at the 

same time a smaller amount of solvent is necessary for . 

the degreasing operation. 

The plate is subsequently placed for some hours 

in an aqueous solution containing 20$ of concentrated 

sulfuric acid and 5$ of hydrogen peroxide (30$) having 

a temperature of 60°C. The plate is rinsed with hot 

water and dried. 

The plate now appears to be covered vtflth a barrier 

layer of titanium oxide which as excellent electronic 

conductive properties, but which has a very high . 

resistance ionically. In the manner as described in 

example 3 it is placed in the bath and connected to a 

source of current. To the bath, however, hydrogen 

peroxide or another oxidant is added which will bind the 

hydrogen evolved so that the risk of the barrier layer 

being damaged is reduced. In connection therewith a 

voltage of 2.4 volts may be applied and already after 

thirty minutes the plate is covered with a sufficient 

amount of platinum. 

Also the electrode thus manufactured is suited 

for use as an anode for oil kinds of electrolyses e.g. 

in galvano plastics, in chromium baths, silver plating 

baths etc. 
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Example 5 

A plate of titenium is degreased and cleaned 

in the manner described in example 2, whereupon it is 

brushed one or a plurality of *imes with a solution 

that is obtained a3 follows: 

One gram of PtCl^HgO is dissolved in 2 cc 

of 100$ ethanol, to which solution 10 cc of lavender 

oil is added (Solution 1). 

One gram of IrCl^ i3 dissolved in 2 cc of 

100$ ethanol, to which solution 10 cc of lavender 

oil is added (Solution 2). 

The entire solution 1 is mixed with 4 cc of 

solution 2, the mixture is heated in a flask 

provided with a reflux cooler for at least one hour 

at about 90°C, but preferably longer and at any 

rate so long that the vapour which all the same 

escapes from the reflux cooler no longer has an 

acid-reaction. 

The cleaned plate of titanium is brushed 

with the solution thus heated, whereupon the plate 

is heated until the lavender oil has exerted its 

reducing action (at about 400 — 600°G), whereupon 

a platinum-iridum alloy is found to have firmly 

deposited on the titanium. 

The adherence of the alloy to the titanium 

may even' be improved by quenching the plate in 

cold water after the heating. 

25 
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Ihe electrode thus obtained is excellently 

suited for the electrolysis of hydrochloric acid 
Chvp/cf.-fiO 

solutions at a current density of 100 anp/ea and 

a potential of 2.7 volts.. 

13 

I 



^ 1Am. fe- A> 

y l cu ^ 
661462 

The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined 
as follows: 

1. A method of manufacturing an electrode, 

comprising, forming a core'of titanium, oxidizing said 

titanium to form a barrier layer of titanium oxide on 

said core, and applying a coating of a noble metal or 

an alloy thereof on said barrier layer. 

2. A method, as defined in claim 1, wherein said 

barrier layer of titanium oxide is electro lytically 

applied to said core. 

3. A method, as defined in claim 1 or 2, wherein 

said barrier layer is electrolytically applied to said 

core at a voltage higher than the voltage which will 

normally be applied to said electrode when the electrode 

is used as an anode. 

4. A method, as defined in claim 1, wherein said 

barrier layer of titanium oxide is chemically applied 

to said core. 

5. A method, as defined in claim 1, wherein said 

barrier layer of titanium oxide is thermally applied 

to said core. 

6. A method, as defined in claim 1 or 5, wherein 

said barrier layer of titanium oxide is thermally applied 

to said core by heating said core in an oxidizing atmos¬ 

phere at a temperature up to about 700°C# 

7# A method, as defined in claim 1, wherein said 

barrier layer of titanium oxide is chemically and 

thermally applied to said core. 

B 
14 
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g. A method as defined in claim 1 and 5, wherein 

said barrier layer is thermally applied to said core 

in a weakly reducing atmosphere at a temperature greater 

than 700°C. 

9. A method as defined in claim 1 or 5, wherein 

said barrier layer is thermally applied to said core in 

a neutral atmosphere at a temperature greater than 700°C. 

10. A method as defined in claim 1, 2, or 4> wherein 

the coating of a noble metal or alloy thereof is applied by 

galvanically' depositing a coating of a noble metal or 

alloy thereof over said barrier layer. 

11. A method as defined in claim 1, 2, or 4. wherein 

said coating of noble metal or alloy thereof is applied by 

chemically depositing a coating of a noble metal or alloy 

thereof over said barrier layer. 

12. A method, as defined in claim 1, 2, or 4s wherein 

said coating of noble metal or alloy thereof is applied over 

said barrier layer by reduction of a solution containing 

metal salts. 

13. A method of manufacturing electrode, comprising, 

forming a core of titanium metal, placing said core as an 

anode in an electrochemical apparatus containing a solution 

of phosphoric acid and nitric acid between two spaced-apart 

cathodes, passing current through said cathodes and said 

core to form a barrier layer of titanium oxide on said core, 

spraying a mixture containing a noble metal or alloy thereof 

over said barrier layer, and subsequently heating said core 

to a temperature of about 700°c to form a coating of a 

noble metal or alloy thereof over said barrier layer. 

r. 
15 
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14. An electrode, comprising, a core of titanium 

metal having at its surface, a barrier layer, and a 

coating of a noble metal or alloy thereof substantially 

covering said barrier layer* 
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Die Erfhidung bctritTt unlosliche Elektrodeu, 
insbesondere unlosliche Anoden, bei elektrolyLiseluni 
Prozessen, die. n.us mit Tantal in dichter Schicht 
uberzogenen metallischen Fonnkorpern, vorz.ugs- 
weise soldier* a us TaiviahnantehJrahten, bcsteh.cn 
und gegehenen falls rutcfi alsTrager ftir cine Flatin- 
auflage cliencn kor.uen. 

E$ ist Imrcits l>ekai*nt, I>oi elektrolytischen Pro- 
zessen, die an der Anode P-latfn a!s wFrksame 
AnodeuCache erforaern, das kustsplelige Piatin 
we'nigstens zv.m Toil durch anderc Metallc zu er- 
setzeu, die eineu crhAhter: Ohergangswiderstand 
anfxvefsen und tkd .anodischer FcIia; tiuigeiuc weit-' 
geheude Spcrr^virkung b’esitzen. A us dicsemOrLuvle 

mas sir cm Tantal ait man cits ties'trc-ten 
verssendet, die aiu ihrer Ol^rUache eutweder voli- 
sdindig odor nur .zon Toil ruit eineui Piatinuberzug 
verse-ren Haren. Solche Eiektroden bestehen also 

aus einer Koiubirv’Htron von viel Tantal und wenig 
Piatin. Aie. ei.forderu jedoch oir.eh groSen Autwand so 
an dem teuren und au(k‘rorderv*lich sclnver zu be¬ 
ar bei tendon Tantal. AuihjrdeJn :st die Leicfahigkeit 
dcsTantals vciguirh>vveise goring, so da3 in dieser 
Bo/, kitting die clektrischen Eigensehaften n*icht in 
alien Fallen genu gen. 

Genii! L> der ErtuuU-uig l>estehen nun- die Elek- 
troden aus iConibin-atTorion von t-antuhmit Metalleu 
vi-)u. hohern elektrivihern Leitve-ri-udgcn, in denen das 
Tantal nur cine veTli:.lltTusniad:g.f;v;n;ic Ol-ertklchcn- 
Schick t itildet. Die nen:\rG^^f^Fidkkrode»r mich der 
v*rfliegcrsdcn Erim*»-»rdorn also nur cmen 
auGe'ordeiulich^fingeii A-ufwand an TatUnk Ce- 
soivlrrrs voa^lfmatt ist die Vervei'd 
Komiuhi-smouen von Tantal uiyz ario 
gut leitenden Mc’t-a!lei; :'i Form von 
dr ah ten von be!itd>igein t'h.n'rscanitt, !>ei tkr.eu. das 

ig dcrar-tiger 
e-:- elrkcrisch 

i antmir.aVvel- 



2 913.768 
efckirtech gur IcitemL* Metal! licit XwYwerhjtoif 
ui:d rental O'Hr auch lautaihaliige Leglcrungeu 
den ?v[a:Ucl bilden. . . 

^ Fur Propose, die als wfrksafne E»ek{rodenrTaehe 
5 PItiUn cnordern, kutvnen derartige, mit Tantal 

uberzoggpc Form ko! per a Is Tr-igcr fur cine Platin'- 
•auflage-dietien. Die sc kann als gesch loosener t)ber- 
zug, beispielswehe e !ck t roly: i sell oder dureh anders- 
artjge Abschcichuig runs jdatsnhaltigcii Losuixgtn 

to oder Suspension'erg aufgcbracht we i dem Dio Platin- 
auflage kann d ,. b e f ver h a! U i i smaP>ig dur.u sent end 
z. B. nur erne r.‘t*:rKe von 50 ^ aufv»;efsciir da die 

. . Fimktion dor Etcktrode auch bei pariiVTer -,Zersto- 
ning dcr Fiatmschicnt nioht nachteikg Yervlndert 

.15 wird urid clas froigelegte Tantal infolge seiner 
* hohen diemischen Indifrerenz von deni Andy ten 

wc«~er angegi iften wird, noch diesen in ncanciis- 
werteni Made zersetzt. 

ErfiVidangsgemaS 1st es jedcch auch mSglich und 
ao in vieTcn Fallen sugar sehr vorteiihaft, Mine go- 

. schlosscne Platinauflagc zu verwenden, sondern das 
Platia etwa als Draht oder Sp.irale in Form eiiter 
Wicklung iiber den Trager, bcispielsweise fiber den. 
Tantalmautekiraht, zu legen. 

35 ^ Die A'Jibilduagder erftudungsgemaS aufgebauton 
Elcktrodon gelit aus den schematischen Abb. 1 tmd 2. 
her\or, jcdocli sind die niogliclum Au-sfulirungs- 
formen1 nkdit auf dicse Bcispiele beschrankt. Abb. 1 

■ zeigt eiuen geradcit Trmtahrfanteldraht mit Kupfer- 
30 kern, der mit cinom Fhit'ndraht bcwickelt ist. Es 

ist daber wesOiUlich, dad dor Kernwerksloff auch 
an der unteren, in dtm .Elektrolyt befirui lichen'' 
Sdinittflriche des Manteldralites mit Tantal fiber- 
zogen ist. In der Abbildung bedeutet 1 Jen. aus 

.35 cine.m clektrisch gut leitenden Metall wie Silber, 
Ktipfcr oder Aluminium bestehenden Kern des 
Manteldrahtes. Dieser ist mit eincr Tant-alauflagc 2 
adseitig unci auch an der unteren Schuittflilche uni- 
geben. Auf dern T-mtahnantel befiudet sich die 

40 Platimlrahtwicklung 3, die sich zweckmaSig etwa 
uber Via der Gcsamtlange des Tragers• erstreckt. 
• Um die Notwendigkeit der gesonderten Tantal-. 
auflage auf der mit dent Elektrolyt in Beruhrung.. 
stehenden SchnittHache zu umgehen, kann es auch 

45 zwecfcmaflig sein, gematf Abb. 2- den ah Trager 
dienenden Tania brum tel d nvht U-fdr:nig auszubildcn 
tind beide Enden aus deni Elektrolyt herauszutuh- 

ren. Dabci .kann der einc SchenkeL gestreckt v.licl 
dcr a cute re gcgcbei^n falls urn diesen.spiratig aut- 
gewkkeit. sehr. Audi iji dieser A kbit dung bedeutet ^ 
1 den Keaiweekstof>, z ucn Tantahnsntel mid 3 
d*ru 3-nfgcwuckeltCH*Platkidraht, der seiueiseits cut- • 
wed;.T glatt oder als Spiraic oder als Mehrfach- 
vr<. :ide! aufgelcgt v.crdcn kaun. 

^ I nr Prozesscj/bei dcn<*:i moglicirst goring ditnen-.- « 
siouierte Atipaen .ver\verid*ct war.km iDuss.e-n, kann 

-a]s ATMide.z. H. e i.;i S i I bo r-Tahhd ui ; tel d rah t mit 
mtieui Gesa(ntdurchmesrer von 1,3.1*1.111 und eiuer 

.! ar.trdmiflagc von 100 a dierica, ifer bei. rm ’Ge- 
samtlLuge .auf ciuer Lange von 90 cm mit eirvem 6a 
PLit^ n «.I rall t von 0,151 urn D1: rclhnoss.e r tuid lotu 
Liiu-e gywickelt ist.-Linv solclie Elektfodeerfordeit 
einen Einsatz von 10 g“Si!bcr, 6,3 g Tantal tmd 
3>/S g Platin. 

Die ernndung.^gemiia <au:gehaatcm Anoden be- 55 
no tiger? a! so ein \\\ geringen. Anf-.vaiid'un'kc^tspjdi- 
gen. Metallen uud vereinigerrdie vo!!sifmdige .che- 
mische I:\diiTeicnz and die atisgcxcichnetc elcktro- 
lytisclie Sperrwirkung der Tuwtalol^rrlache niit der 
optimale11 Lcitfilhigkeit des Iv niwerkstofTes, z. B. 70. 
des Slibers oder Kupfers. Sie lal.en sfch ifir alle 
m it unl»'Vs lichen Anvxkn. ar!;ci tendon elektrolyt isclicn 
Prozesso, fnsheMjndere* f'iir elcktrolytische Oxy- 
elation, hervorrageac! Lewahrt bird sind rnit Vor- 

.tcil, vor alleni bei der Kcrstellimg von Perverbin- 75 
Quijgen, z. B. Ol.erschwofclsa^ire odor ihreti Salzen, 
Pcrborat oder aucli Perddorat, verwendbar; 

Pat unta ns? n che: 

1. Lij!>5sIiche u.lektrode, iui!r?sou;dere fur die S3 
clekfrblytische Gxydation, z..B; fur <tie Ker- 
stedung \on IArverbi.iitlimgcu, bestebend aus 
cincm mit erner ge^hlcosrr.eu, dunuen-Senicht 
Tantal oder tautadialtigcr Legicrung iiker- 
•zogenen Grundkorjer aus elektrbch gut lei ten- 35 
dem Me.tad, z. B.Siibcr. Kupfcr oder A In min in-m. 

2. Elck'trcxle nacii Auspnich i, zusa-tzlich 
iiber der 1 antaLunicnt mit emef duniien Schicht 
Platin uberzogen oder imt duurxen riatindraht, . 
gegebenenfalls, in Form eincr Spiraic, um- 30 
-wickelt. 

3- Kl**ktfnden nach Anspxuch l.o»W 2, gekenn- 
zeiennet dureh ibre HersivHung aus TnntaJ- 
inar*teklraht. 

'Hierzn 1 Bla-.t Zeichnung.en 

Abstract for Ger. 913,768 

Lne-Electrode ectrode . .... ... . 

, or^aSiminum'is -cosited with • tantalum. The Silver, copper 

tantalum coating may be, iri:turn, coated with platinum. A 
platinum wire'or.a tantalum wire may be wound around the' elec¬ 
trode. 

O *1,22 6. 5* 
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Improvements in or relating to anodes. 

COMPLETE SPECI 

19 

sWc. N.V. Curacaosche Exploitatje 
.-Iaatschappij Uto, a limited liability Com¬ 
pany, of Willemstad, Curacao, Netherlands 
Antilles, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by . which it 
is to be performed, to be particularly des¬ 
cribed in and by the following statement:— 

As is known, anodes for carrying out elec¬ 
trolyses and other electrochemical processes 
frequently consist of a precious metal, e.g. j 
platinum. Such anodes are quite satisfac-j 
tory but their high cost constitutes a bar to 
their being used on a Effe.scale————■ 

term precious metal 

20 

in this connection 
is meant to include platinum, ruthenium, 
rhodium, palladium, osmium, iridium and 
gold, and alloys essentially composed of one 
or more of these metals. 

In order to obviate this drawback it is 
possible to use an anode consisting of a 
core of a less expensive or base metal coated 
with a layer of precious metal, generally 
platinum. In some cases said layer need 

25 only be extremely thin and it may then be 
applied, for instance, electrolytically. Good 
results, however, are only obtained if the 
core metal, in places where the layer of 
precious metal is porous, is provided after 
coating with an inert barrier layer. 

Thus anodes which consist of a core of 
tantalum coated with platinum, or a core of 
zirconium or a zirconium alloy coated with 
platinum have been proposed. In both 

35 cases the platinum coating may be applied 
electrolytically. Another example is an 
electrode of bismuth coated with a layer of 
platinum. 

The fact that such electrodes have a high 
anodic contact resistance must be based on 
the fact that during the passage of the cur¬ 
rent the base metal of the core is coated 
with an inert barrier layer in those places 
where said metal may come into contact 
with the electrolyte owing to the porosity of 

10 
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, . /TC^2 
the coating, which barrier layer is noretrs . 
attacked by the reaction medium and carF 
not dissolve therein cither. Such a barrier 
layer consists of a non-porous fdm which 
protects the subjacent base metal against 
the electrolyte and which generally speaking 
does not allow the current to pass. 

It has now been found that titanium is 
particularly suited to be used as a core metal 
for an anode because it has been discovered 
that titanium is not only capable of form¬ 
ing a barrier layer in aqueous solutions of 
substantially all electrolytes, whereas other 
metals such as bismuth, tantalum and zir¬ 
conium win only do this if oxygen is 
evolved directly at the anode, but because 
when using titanium in addition a very 
stable barrier layer is formed which is very 
resistant a^d which upon prolonged use 
continues to perform its function in contra¬ 
distinction to the above mentioned known 
anodes, the barrier layer of which is less 
resistant and will soon decompose in various 
kinds of electrolytes, e.g. in those containing 
halides. 

The invention consists in an anode having 
a core of titanium and a coating of a 
precious metal as hereinbefore defined, a 
protective barrier layer of titanium oxide 
being formed beneath the coating at such 
places where it is porous. 

The barrier layer may be formed in situ 
e.g. in the electrolytic bath, in which the 
coated electrode is to serve as anode, or the 
barrier layer may be applied to the core 
metal by a further treatment after said core 
metal is coated, before it is put into service 
as an anode. 

The barrier layer may be formed by the 
electrolysis of a solution of an acid, a base 
or a salt, including electrolytes containing 
halide ions, with the exception, however, of 
fluorides. 

The barrier layer is preferably applied by 
a treatment before use. It is preferable to 
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form the barrier layer at a higher ',oltage 
than that to which the anode wi . 
jected in ordinary use. This will ensure tl« 
the barrier layer will remain intact wi use. 

For elucidating the invention two ex¬ 

amples are subjtMI'ldvlV 

10 

15 

20 

E It Lnilm isflnlroduced into an aqueous 
solution of chloride, e.g, in hydrochloric 
acid and the titanium is connected as anode 
the passage of current will be reduced to 
substantially zero feithrn a few_ seconds, be- nc usc ut - 

sr*s s~ A* sis: ^ " s 

chloride which is heated at 330 C and sub 
sequcntly the plate is connected as anode 
and a plate of carbon is used as cathode. 
When the passage of current is sufficte 
the mixture will remain at the melting tern- 65 
perature without external heating, while in 
fhe case of an insufficient passage of current 

icat is to be supplied from t ie outside^ 
“hlorine will evolve at the anode and zinc 

(will deposit on the cathode. It is possible 70 
lin this manner to obtain very pure zinc. 

Similarly, this anode can also be used for 
other salt melts. The use of titanium as a 

75 

25 

~|iji Mil'lliiu nun i i^yer of rhodium having a 
thickness of 1 micron, and if said plate of 
titanium thus coated is again connected as 
anode in a hydrochloric acid solution the 
passage of current will continue undisturbed 
while the pores in the rhodium are not 
harmful to the subjacent titanium beca 
this is protected by the film of oxide wl1 
will be locally formed. Said electrod 

uiaiiiuiii id in - , f tonr^r1 
and that of rhodium upwards of 1900 C. 
By means of this electrode therefore it is 
possible to work at very high temperature 
without the anode being damaged. The 
carbon graphite electrodes conventionally 

used for this purpose are much more 
r tive to temperatureandincon^cqu^ncgriij*fci 

I^WHATWE 

80 

JLAIM IS: 
will be* locally formed. Said electrociaipyv rm ii ' )Vfbav'•" a core of titanium 
pre-eminently suited for the electro ysislo / • ^ 0f a precious metal as here- 
„u.oi; rhlnride solutions because there is|no andlai- co& Protcctivc barrler layer 

- ... •_ hainn formed beneath the 

30 
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pre-eminenuy suncu iui —Vu-L^ 
alkali chloride solutions because there isino 
question here of wear and tear, the current 
density may be several times larger thanlin 
the case of the known electrodes, and thire 
is no pollution of the electrolyte, so thii 
there is a considerable economy in costs 
maintenance. , „ _ 

In addition a much greater number o_ 
electrodes may be placed in a certain space 
in the bath because in comparison with the 
thick graphite or magnetite electrodes the 
diameter of the electrode according to the 
invention is appreciably smaller. Because 
in the alkali chloride electrolysis a continu¬ 
ous movement of the bath is of grea 
importance said electrodes may be per¬ 
forated. if desired, so that a high rate of 

ovv can be obtained 
,XAMPLE l . , .. . • 
The electrode of titanium described in 

example 1 and coated with a layer of rho¬ 
dium of 1 micron can also be used for th< 
electrolysis of salt melts.^ To mK 

Til JllfPtrrrrntf aqueous solution 
of 20% hydrochloric acid and is connected 
as anode, while a plate of carbon serves as 
cathode. The voltage between said two 
electrodes is gradually raised to 150 Volts 

53 (direct current voltage) and is maintained • , , 
at said level until in the porous places the 
plate of titanium is coated with a barrier • 
layer through which substantially no current _ . , 
will pass any longer. . 

60 This electrode is placed m a melt of zinc__ • 

. ms K '“S 'opte 

inbefore detinea, a 
of titanium oxide being formed beneath the 
coatin'1 at such places where it is porous. 

2 A method of making an anode as 
claimed in claim 1. in which the barrier 
layer is formed electrolytically after the 

1 ' lh r~~~ 

ClT A method of carrying out electrolysis 

of an aqueous electrolyte containing chl°rine 
ions or a salt melt, using an anode as 

claimed in claim 1 or 3. 
5. A method as claimed in claim , 

using an anode as claimed in claim 3. in 
which the operating voltage is lower 
that used for the formation of the barrier 

la6Cr' An anode substantially as described 

in either of the examples 1 and 2 given. 
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The anodes of the present invention consist of plati¬ 
num-type metals covered by a layer of magnetite. The 
anode base need not consist entirely of the platinum-type 
metal. A base metal such as titanium or tantalum coated 
.ylllLfr tain layer of a filatinuiri type metal may also ce 
used so that there is a reduction in the amount of plati¬ 
num needed for the anode. Due to the expense of tanta¬ 
lum, titanium coated with a platinum-type metal is pre¬ 
ferred. 

Titanium or tantalum covered with magnetite cannot 
.! satisfactorily used as an &node although they are effec- 
ive conductors of electricity. When the iron on titanium 

or tantalum is oxidized to form the magnetite covering, 
the oxidation is either incomplete or carried out too far. 

15 If incomplete, not all the iron will be oxidized to mag¬ 
netite and the unoxidized iron will dissolve in the mercury 
cell and the magnetite coating will chip off. If the oxida¬ 
tion is carried too far, the titanium or tantalum will be 
oxidized to titanium dioxide or tantalum dioxide, re¬ 
spectively, which are non-conductors of electricity. This 
problem does not occur in the platinum-type metal-mag¬ 
netite, tantalum-platinum-type metal-magnetite or tita¬ 
nium-platinum-type metal-magnetite anodes as the plati¬ 
num-type metals are not affected by the oxidation. 

The anodes of the present invention overcome the dis¬ 
advantages of the previous electrodes. No carbon dioxide 
is formed which would complicate the recovery of chlo¬ 
rine gas. The magnetite coating prevents depletion of the 
anode, and the use of platinum-type metals, tantalum- 
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3,103,484 
ANODES FOR ELECTROLYTIC CHLORINE 

E'^LUXIOM ~~ - ^ 
Gzerg -Messaer, Milan,' ITrJy, assignor fo OronzSo tie 

. Elettrochraiici, Milan, Italy, a corpJP 
TaSoa of Italy ^ N 

No Drawing. Filed Qzt 4,1960, Sen No. 60,307 
'’3 Claims. (Cl. 204—290) 

This invention relates to novel anodes comprised cf 
datinum or titanium-platinum coated with a layer of 

magnetite which has an empirical formula of Fe304. 
. ntrpm Tmimnwv 
in the chemical field and the trend in chlorine manufacture 
in the United States and Europe is more and more to the 
use of the mercury cell. In a typiealhorizontal mercury 
cel! there is a bed of slowly flowing mercury and disposed 
thereover are anodes approximately 2 mm. away from 
the mercury to form an amalgam and is lat&r decomposed 
brine is run into the cell on top of the mercury. When 
an electric current is passed throught the cell, chlorine 
is liberated at the anode and the sodium is absorbed in 
the mercury to form an amalgam and is later decomposed 
in the presence of water to form sodium hydroxide. 

The anodes are usually made of graphite. However, 
the graphite is rather rapidly consumed and frequent, 
cumbersome and time-consuming readjustment of the 
electrodes is necessary in order to maintain the proper 
electrode distance. Also, carbon dioxide formed from __ 
the decomposed graphite is evolved with the chlorine and 30 platinum-type metals or titaniiim-pTaVnum-Type metals as 
has to be separated from the chlorine. Therefore, graphite the core of the anode produces an anode with a low 
anodes are not too desirable. single potential. By the use of titanium or tantalum 

Anodes of platinum metals such as platinum, iridium coated with a thin layer of platinum as the base metal a 
and rhodium, or alloys of these metals, have also been ^ substantial reduction in the amount of platinum needed 
used. These anodes are better than the graphite anodes 35 for the anode is obtained. 
as no carbon dioxide is formed to interfere with the cblfik—--"One way of applying the magnetite coating to the plati- 
rine gas. Also, the platinum type anodes are not con- num anode is to form a thin^layer of iron or an iron 
sumed as rapidly as graphite and therefore do not- have 
to be readjusted frequently. 

Xhe platinum-type anodes have disadvantages, how¬ 
ever. After only a short period of anode operation, the 
potential of the platinum-type anodes is increased and 
there is an increased energy consumption in the electro¬ 
lytic process. Furthermore, while the platinum-type 
anodes are not consumed as rapidly as graphite, there is 
depletion of the anode on the order of 1 to 3 grams of 
metal per ton cf chlorine produced. Due to the high cost 
of the platinum-type metals, this adds a substantial ex¬ 
pense to the operation of the mercury cell. 

Anodes composed of iron or steel as a base and coated 
with magnetite as a protection against erosion are known. 
However, the coefficient of expansion of magnetite rela¬ 
tive to the iron or steel base is so different that the ad¬ 
hesive bond between the magnetite and the base metal is 
broken and the magnetite layer flakes off from the base 
metal which is then depleted. The exposure of the base 
metal may lead to serious consequences in the cell opera¬ 
tion. 

It is an object of the present invention to obtain a plati¬ 
num type anode which is not consumed in the production 
of chlorine in a mercury cell. 

It is another object of the invention to obtain a mercury 
cell anode which has a low single potential. 

It is another object of the invention to obtain a titanium- 
platinum-magnetite anode which results in a reduction in 
•tlie amount of platinum needed for the anode. 

It is a further object of the invention to produce a 
novel platinum type anode by coating a platinum-type 
metal with a layer of magnetite which has the empirical 
formula of Fe304. 

These and other objects and advantages will become 
more obvious from the folio wing detailed description. 

^alloy on the platinum-type metal and then oxidize the 
iron. The layer of iron may be formed electrolyticaliy, 
with a metal spray gun, by dusting, or any other manner. 
The iron layer is oxidized by heating the anode in an 
atmosphere of a mixture of an inert gas such as argon or 
helium and carbon dioxide, air, v/ater, or diluted oxygen 
at a temperature between 600° and 900° C. to produce a 
magnetite layer whicn adheres firmly to the platinum- 
type metal. Instead of diluting the oxidizing atmosphere 
with an inert gas, reduced pressures, preferably 200 to 
600 mm. Hg, may be used. 

The magnetite layer may also be applied by depositing 
iron compounds, such as the hydroxide of bi- or tri-valent 
iron, iron carbonate, iron oxalate, or any other iron com¬ 
pound which decomposes upon being heated to temper¬ 
atures of 600° to 900° C. and which may be transformed 
into a compound corresponding approximately to Fe304 
by the presence of an oxidizing atmosphere such as that 
described above. The iron compounds may be deposited 
on the platinum-type metal by chemical or electrophoretic 
precipitation or by mechanical spraying, rolling or painting 
on the platinum-type metal. 

Particularly well adhering magnetite coatings are those 
which are obtained by at least slightly diffusing the iron 
layer in the platinum-type metal layer prior to oxidation, 
for example, by a beat treatment in an inert atmosphere 
at a temperature between 700° and 900° C., preferably 

x800° C. In those cases where iron compounds are ap¬ 
plied to the platinum-type metal, the layer is treated 
under reducing conditions prior to the heat treatment for 
the purpose of diffusion, for example, by passing a dry 

70 stream of hydrogen over the iron compound layer at ele¬ 
vated temperatures. After transformation of the iron 
compound into the magnetite, the magnetite layer can be 
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made still more resistant against wear by a subsequent 
heat treatment 

In the following examples there are described several 
preferred embodiments to illustrate the invention. How¬ 
ever, it should be understood that the invention is not 
intended to be limited to the specific embodiments. While 
the specific examples use only platinum or titanium-plati¬ 
num as the base metal, any one of the platinum metals * 
or alloys or mixtures thereof may be used with equal 
success. The platinum metals include osmium, rhodium, 
iridium, rhenium, ruthenium, palladium and masurium as 

num 

A metal sheet mdde of platinum which has the finar 
shape of an anode and is provided with perforations or! 
slits is electrolytically coated in an iron sulfate bath with1 
a layer of 0.020 mm. of iron. After washing and drying, 
the coated sheet is heated In an atmosphere consisting of 
about 50% C02 and 50% argon for one hour at 800° C. 
and is then allowed to cool in an atmosphere of argon. 

7Ciy!?irr,i'V^ brni ecf' 
»le of an anode, evolves chlorine in a NaCl solution hav\ 
g a sodium chloride content of 3QQ» grams per liter with 

attack of the platinum takim*3a*c. The single po- 
ntial of the anode during vjpdfrmious electrolysis in so- 
ium chlbriiljsolution and a current density of 30 amperes 
er dm.2 isjpi volt low*** than the single potential of a 
latinuiy^Sneet? undpf^.n identical load. The wear of 

the aQive layer is so low that the anode re¬ 
mains operative over about one year. At the end of a 
year’s operation, the platinum base may be cleaned anj 

'V ■ ■ »«• immuT 

^ Example 2 

A piece of metal mesh made of titanium sheet 2 mm. 
thick is coated with a platinum layer of about 0.005 mm. 
thickness. An iron layer of 0.02 mm. thickness is ap¬ 
plied to this ptelinnnr layer Jn^a...vacyum by means of a 
cathode spray/ Thereafter, the coaun^7?ES5TW 

*ali»@8phJre of argon for one-half hour at 800° C. 
and is then treated in a gas atmosphere consisting of ap¬ 
proximately 10% HaO, 30% C02 and 60% argon for 
one hour at 700° C. The metal mesh is allowed to cool 
in a dry argon atmosphere. The magnetite layer thus 
produced protects the platinum from depletion during 
anodic chlorine production and exhibits a lower anodic 

I* 

4 
then oxidized in an atmosphere of 50% argon and 50% 
COa for one hour at 650° C., again provided with a layer 
of iron 0.025 mm. thick by electroplating means, and 
again oxidized in the same manner. 

The treated sheet is allowed to cool in a vacuum. De¬ 
pending upon the desired life of the anode, this process 
may b^repeated in order to obtain a corresp 

Example 5 

* — A laj4r of iron 0.025 mm. thick is dusted in a vacuum 
on a perforated sheet made of platinum, C02 gas corre¬ 
sponding to about 300 mm. Hg is then introduced for 
about one hour during which the sheet is j^nfrd trr 
650° C. ('TCeieUllWr the (1 flftTffg'oflr^iin a vacuum is 
repeated until an additional 0.025 mm. of iron have been 
deposited, which is then again oxidized into magnetite as 
already described. This cycle is repeated until the der 
sired thickness of the magnetite layer is reached. There¬ 
after, the coated platinum sheet is allowed to cool in 
argon. The anode produced in this manner has an in¬ 
creased life as a chlorine-evolving anode in aqueous solu- 

\5 

phere, either in a vacuum or in a noble gas atmospher^ 
to the oxidation at 700° C.___ ^ • % 

Example 3 

\ Example 6 

yer of iron about 0.02 mm. thick is applied by elec¬ 
troplating means to a sheet made of platinum provided 
with slit-like apertures and the iron coated sheet is oxid¬ 
ized at 650° C. in an atmosphere 
argon, p^l^'gf^oiriron 0.1 mm. thick 
is Then applied to the magnetite layer by means of a metal 
spray gun, and this iron layer is oxidized in a COa-argon 
atmosphere at 650° C. for two hours. The treatment 
can be repeated until the desired thickness of the mag¬ 
netite layer is reached. 

Various modifications ofc the products and the process 
" of the present invention may be made without depart¬ 

ing from the spirit of this invention or the scope thereof, 
and it is to be understood that the invention is limited 

3JVI claim: 
' / 1. An electrolytic anode consisting of a base metal se- 
f lected from the group consisting of titanium and tan¬ 

talum, a thin adherent coating of a platinum metal on 
‘ said base metal, and an exterior thin adherent coating of 
5 magnetite over said platinum metal coating. 

m&B he coat- 
single potential than platinum metal. It is advantageous ? ing of platinum and the coating of magnetite is on an 
to apply a heat treatment at 900° C. in an inert atmos-^ anodically active surface only of said base metal. 

3. An electrolytic anode consisting of a base metal se¬ 
lected from the group consisting of titanium and tan¬ 
talum, a thin adherent porous coating of a platinum 
metal on said base metal, and an exterior ibin adherent 

An iron layer of about 0.1 mm. thickness is sprayei 
with the aid of a spray gun upon a perforated platinize* 
titanium sheet 2 mm. thick, and the resulting sheet is1 
heated for two hours in a pure, dry atmosphere of argon 
at 900° C,/8nKTf!TrFfeyr^^ nours at'670° u. 
iTa dry mixture consisting of about 50% COa and 50% 
pure argon. The treated sheet is allowed to cool in a 
dry atmosphere of argon. The operation may be repeated 

elite layer is desired. 

Example '4' 

A perforated sheet of platinum 2 mm. thick is provided\ 
with an iron layer of about 0.025 mm. thickness by electro¬ 
plating means, heated in vacuo for 30 minutes at 750° C.^ 

a 

porous coating of magnetite ove 
coatm 

(?<?f 
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/yThe present invention relates to an electrode having a 
base or core of titanium or titanium with small amounts 
of alloying metals therein, which core is covered with 
a barrier layer of titanium oxide and coated with a noble 

1 metal coating, and to a method of producing such an 
1 electrode. 

?!Wf?F?PufPfi5TPW 
cation Serial No. 6,351, filed February 3, 1960, now 
abandoned. 

In several of my prior copending applications, there has 
been disclosed an electrode particularly suitable for use 
as an anode which has such a core or base of titanium, 
either substantially pure titanium or titanium with small 
amounts of alloying metals therein, and a coating of a 
noble metal, such as platinum, iridium, rodium, or alloys 
of these metals. In making such electrodes, the core of 
titanium is treated so as to remove any oxide coating 
herefrom and the noble metal coating is formed thereon, 
since such coatings are at best slightly porous, there are 
places in the coating at which the titanium core is ex¬ 
posed. At these pores there is formed a barrier layer of 

i itanium oxide. This barrier layer is formed by placing 
he electrode in an electrolyte and electrolytically form- 
ng the barrier layer. Alternatively, the barrier layer can 
>e formed by a chemical and/or a thermal treatment 

which makes a more stable and chemically inert barrier 
aycr than forming the barrier layer electrolytically. 

During the use of such electrodes as anodes in such 
dectrolytica! processes as, for example, brine electrolysis, 
or as anodes in cathodic protection arrangements, ionic 
current fiow can take place through the noble metal coat¬ 
ing and electronic current fiow will take place from the 
noble metal coating to the titanium core. The barrier 
layer over the titanium core which is exposed through 
the pores in the noble metal coating will prevent ionic 
current fiow directly to the titanium core, and w ill thereby 
prevent a chemical attack by the electrolyte, which is 
usually quite corrosive on the titanium of the core. In 
addition the noble metal coating is chemically resistant 
so that the titanium core is protected from chemical at¬ 
tack where it is coated by the noble metal. 

When the noble metal coating is damaged during 
electrolysis so that the bare titanium of the core is ex¬ 
posed, an electrolytically formed barrier layer will be 
produced over the exposed area, but there will be a short 
period of time when the titanium is exposed to attack by 
the electrolyte, and this is detrimental to the life of the 
electrode. 

1 have now discovered that the titanium or titanium 
alloy core of such an electrode can be entirely covered 
with a barrier layer of titanium oxide, and thereafter 
coated with a noble mcial coating, and it will still act as 
an electrode, particularly as an anode in electrolytic 
processes such as, for example, brine electrolysis, and as 
an anode in cathodic protection methods. The existence of 
a barrier layer of titanium oxide between the noble metal 
coating and the titanium core or base does not interfere 
with the electronic fiow of current from the noble metal 
coating to the titanium base, while at the places where 
the noble metal coating is imperfectly formed or has 
pores in it, the barrier layer prevents ionic fiow of current 
from the electrolyte to the titanium base. 
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This characteristic is generally not true of the other so¬ 
-called film forming metals, i.e. the metals which have their 
urfaces easily oxidized by contact W'ith the air. When 
hese metals are coated with an oxide film, the film offers 
real resistance to both ionic current flow, i.e. fiow of cur¬ 

rent from an electrolyte into the metal itself, an electronic 
current, i.e. flow of current from a conducting metal 
which is in metal to metal contact with the film forming 
metal. Thus, an electrode having a core of aluminum 
which has/been oxidized in air or has been intentionally 
provided with a layer of oxide for example by anodizing, 
and which has been coated with a noble metal, offers a 
high resistance to the passage of electric current from the 
noble metal coating to the aluminum core. 

The electrode according to the invention is particularly 
valuable in that if, during use, the noble metal coating 
should be damaged, for example by peeling off, there 
will be a barrier layer already formed beneath the noble 
metal coating which will immediately resist attack by the 
electrolyte, and the electrode will accordingly be preserved 
and its life extended. 

It is therefore an object of the present invention to 
provide an electrode particularly suitable for use as an 
anode which has a core or base of titanium or titanium 

~~with small amounts of alloying metals therein, a barrier 
layer of titanium oxide covering said core or base, and a 
noble metal coating over the barrier layer, the noble 
metal being taken from the group consisting of platinum, 
rhodium, iridium, and alloys of these metals. 

It is a further object of the present invention to provide 
a method of making an electrode particularly suitable for 
use as an anode by forming a barrier layer of titanium 
oxide on such a core or base, and then coating a noble 
metal over the barrier layer, the noble metal being taken 

-from the group consisting of platinum, rhodium, iridium, 
and alloys of these metals. 

As already indicated, the core or base can be substan¬ 
tially pure titanium, or it can have small amounts of al¬ 
loying metals therein. For example, the titanium can 
have vanadium or aluminum therein in an amount up to 
4% by weight, or it can have zirconium therein up to 10% 
by weight. These percentages of metals other than titan¬ 
ium will not inhibit the film forming characteristic of the 
titanium. Accordingly, where reference is made to a core 
or base of titanium in this specification, it is to be under¬ 
stood that such a core or base includes a base of sub¬ 
stantially pure titanium as well as a base of titanium and 
an alloying metal as herein described. 

By the term “barrier layer’* as used to describe the 
oxide layer formed on the titanium core of the electrode 
of the present invention, is meant a layer of oxide which 
resists attack by the electrolyte in which the electrode is 
used, and at the same time prevents passage of current 
directly from the electrolyte to the titanium core but 
permits passage of current from the noble metal coating 
to the core. 

In connection with the following examples, it is essen¬ 
tial to understand that in forming the barrier layer on 
the titanium core by placing the core in an electrolyte 
as an anode and passing a current through it, the voltage 
which is impressed on the core must be below the break¬ 
down voltage for titanium in the electrolyte in question. 
Otherwise, if the breakdown voltage for titanium in the 
particular electrolyte is exceeded, the form of oxide which 
will be produced is not that which produces a barrier 
layer, but rather is one which, when it is coated with a 
conducting metal, will not permit electronic current con¬ 
duction therethrough from a noble metal coating to the 
titanium core at the normal operating voltages of the 
electrodes during their use in electrolysis. 

ML 
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It is further necessary to understand that the break¬ 
down voltage will vary depending on the particular elec¬ 
trolyte in which the barrier layer is being formed on the 
titanium core, and in fact the breakdown voltage will 
be further dependent on the metal of the core, should it 
be, for example, an alloy of titanium. For this reason, 
in the examples, the voltages at which the barrier layer 
is formed can vary from example to example. How¬ 
ever, for purposes of illustration, it can be mentioned 
that the voltage for forming the barrier layer herein 
should not exceed 10 volts, when the electrolyte is aqueous 
sodium chloride. With oxalic acid or tartaric acid the 
voltage for forming the barrier iaycr may amount up to 
35-40 volts. When these voltages are exceeded in the 
electrolyte indicated, the oxide layer on the core loses its 
ionic resistance and its electronic resistance is very sub¬ 
stantially increased to the point where the resulting prod¬ 
uct, when coated with noble metal, is not effective for the 
uses described. In the usual operations according to the 
invention, the voltage utilized will amount to 5 to 60% 
of the breakdown voltage depending on the concentration 
and temperature of the electrolyte. 

The method of making the electrodes according to the 
invention comprises at least partially immersing a core 
of titanium in an electrolyte, impressing a voltage on said 
core, which voltage is below' the breakdown voltage for 
titanium in said electrolyte, but sufficient to form a 
barrier layer of titanium oxide on the portion of the 
core which is immersed in the electrolyte, painting a 
solution of at least one salt of a noble metal taken from 
the group consisting of platinum, rhodium and iridium or 
alloys thereof in an organic volatile solvent onto the 
barrier layer thus formed on said core, heating said 
painted core to evaporate the volatile solvent, and then 
firing the core in an atmosphere for converting the depos¬ 
ited salt to metal. 

The method will now be set forth in detail in con¬ 
nection with the following examples. In these examples, 
a plurality of specimens of substantially pure titanium 
plate each 1 cm. x 2 cm. were prepared according to thi 
conditions set forth in Table I, there being used 100 cc. 
of electrolyte in each instance, and the electric power] 
being supplied from an accumulator at the indicate* 
voltages which are below the breakdown voltages fo 
itasuum inihe respective electrolyte. 

L tt 

plates were heated in air at a temperature of 250° C. for 
11 minutes to evaporate and burn ofT the solvent. After 
the last application of the paint and the heating in air, 
the painted plates were each heated in a closed furnace in 

5 an atmosphere of ammonia and a reducing gas, for ex¬ 
ample illuminating or lighting gas, at a temperature of 
330° for 10 minutes in order to form on the plates a coat¬ 
ing of a platinum and iridium alloy without adversely af¬ 
fecting the underlying barrier layer of titanium oxide. 

IQ Thereafter the plates were gradually cooled. 
The thus treated specimens 1, 3, 5 and 6 were then used 

as anodes in the electrolysis of 30% brine solutions at a 
temperature of 60° C. and a current density of 1500 am¬ 
peres per square meter, at an applied voltage of 2.8 volts. 

15 The anodes performed excellently, and at a low and con¬ 
stant overvoltage this current density could be main¬ 
tained. Specimens 2 and 4 were used as anodes in a 
similar chloride nlkal: 

.t 6/K (tT^) 

__Mflijdc.nlKnlf 
X^> Examples 7-12 

Specimens 7-12 were each coated four times with a 
paint which contained 2 grams of rhodium in the form 
of a rhodium compound, for example rhodium chloride, 
per 10 cc. of organic solventT for example ethanol./Aficr" 
each coating the plates were heated in air at a tcpjf^ra- 
Ittfe of 250° C. for 10 minutes to evaporate ap^J^burn off 
he soNfcQt. After the last application of the paint and 
he heatingT^»ajjto evaporate and the solvent, the 
tainted plates wcr5^ch heated in" air at a temperature 
?f 650° C. for 10 mirim^i^n^offier to form on the plates 
\ coating of metallic r|i£Kmyp. Thereafter the plates 
were gradually cooled,’ " 

The thus treated specimens w'ercNlJjcn used as anodes 
I in oxidation processes, such as the ph^uction of per- 
borates^pef^ulphates, and the like, and wem^a^o used in 
alkalrffeelectrolyles. They were economical tcNtti^and? 
were mechanicall^vcry strong. \ 

|4Q Specimens 13m 8 were each coated twice with a paint 
which contained 10% by weight platinum chloride, 20% 
of an ethereal oil (lavender) and the remainder an or¬ 
ganic diluent, for example acetone and isopropyl alcohol. 
After each coating the plates were heated in air at 390° 

45 C. for 1 minute to evaporate and burn off the solvent, and 

Volt. 

Immediately after voltage is 
\app!ied 

After 15 nmmttcs 

Electrolyte 
aqueous solution 

-T 

°c. 
Intensity jUr^ 
mlcroamijircs 

ionic resistance 
\ in ohms 

Intensity 
microamperes 

I«dc re&r-Wicc 
| in/ohms\ 

/ / 36,000 
\ 111 X" 57 1 \ 70,250 \% NaCl..... 

' / 100,000 160 . 1 37,500 5% NaCl...,. 
, / 25, 000 \?*o 115 1 52,700 l%SNaCI. 20 

4 X 4,5, 0(H) / Xg m 1 50,000 1% rLsoj 20 
/ 4/ \ 100,000 / 40s 100 1 40, GOO 10% . 50 

€ \ 115,000 / 35 V , 130 \ 30,800 10%>Ka»II. 20 
A \ 50,(XJO, 120 \ 130 \ 46,200 1% ^aCX-. 20 

/ 4 \ 45, 0H<5 89 V 75 1 53,30p^ 06% NaClX-. 20/ 
4 \50f()OO 80 A 45 1 ssjm 5% NaCL..X_ 

/ 4 AWL 000 40 / \ loo 1 >4(3,000 10% H|S04.__X-. An 
/ 4 / OONQOO 44 \ 90 A 44,500 5% NaOFI.X / 20 

4 / 34, (W0 118 / Np 1200,000 107o tartaric acid.- N 20 
4,. ^ 55,(XXX 73 8V 1 47,100 5% NaCl./ N20 

100,000 > V 60 ' xmT S I 42,800 36% NaCl./_ 
15,000 \ 267/ /85 \ 147,100 1% NaCl.(.. 4(T 

4 100,000 
\ il / 70 \ 157,200 5% ir,so4.r.. 20 

4 60,000 85 \ 147,100 1% NaOII. 20 
4 300,000 

\ b 15 \|f>7,000 10% oxalic acid.... 20 
4 60,000 55 750 1% NaCl. 80 
4 75,000 53 55 ¥3*750 5% NaCl. 80 

Instance 
ac oss harrier 
or S*idc layer 

riM>hms 

Examples 1-6 

ipecimens 1-6 were each coated four times with a 
paint which contained 1 gram of platinum in the form 
of a platinum salt, for example platinum tetraiodide, and 
0.03 gram of iridium in the form of an iridium salt, for 
example iridium tetrachloride, per 10 cc. of an organic 
solvent, for example ethanol. After each coating the 

tdkdeposit a layer of metallic platinum on the barrier layer 
70 ora the titanium cores. Thereafter the platinum coated 

titjpium electrodes were heated in air at 350° C. for 48 

he thus treated specimens were used as anodes in 
tttfcathodic protection of ships, piers and the like in sea 

75 yatcr, and proved very satisfactory. 
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Example 19 

A plate of substantially pure titanium was partly coatedl 
with platinum, and was at least partially immersed as anj 
anode in an electrolyte which was an aqueous solution 
having 5% NaCl at a temperature of 70° C. so that at 
least part of the platinum coated portion of the electrode 
was in the electrolyte.-of"'4*''vyfhri^rappn^ 

lITTlTe di'itiudC tOTT/nr) a barrier layer on the uncoated 
portions of the electrode which were immersed in the 
electrolyte. Immediately after the application of the 
voltage, the current intensity was 1,000,000 microamperes 
and the ionic resistance was 4 ohms. After the voltage 
had been applied for 15 minutes, the current intensity was 
still 1,000,000 microamperes and the ionic resistance was 
still 4 ohms. A barrier layer was formed on the uncoatci 
parts of the electrode which had a resistance as measures 
across the barrier layer of 0.001-0.005 ohm. 

The portions of the plate which had the barrier laye 
formed thereon were subsequently coated with platinum 
and the thus formed electrode was used as an anode wtih 
excellent results, v 

Example 20 

A plate of titanium metal is thoroughly degreased by 
rinsing it with e.g. petrol or carbon tetrachloidde. The 
plate is dried and placed as anode between two graphite 
cathodes in a solution of 95 parts by volume of concern 
trated phosphoric acid (98% or more) and 5 parts by! 
volume of concentrated nitric acid. The voltage between V 
the titanium anode and the graphite cathodes is gradually 3 
raised to 100 volts, a barrier layer of titanium oxide form¬ 
ing which also after the termination of the electrolysis 
remains of excellent quality. 

On to the plate of titanium provided with said electro¬ 
lytically formed barrier layer a homogeneous mixture is 
sprayed which is composed of 

100 parts by volume of absolute ethanol, 
10 parts by volume of rhodium trichloride, . 
2 parts by volume of colored Venetian turpentine, 
5 parts by volume of hydrazine-monohydrochloride. 

20 

25 

When from the color it appears that the entire plate is 
covered by the mixture, the plate is dried and the whole 
is heated in an open flame to a temperature of at most 
700° C. A rhodium coating of about 2 microns will form. 

The electrode thus manufactured is found to be very 
satisfactory when used as anode for carrying out electro¬ 
lyses of all kinds of electrolytes, more particularly also of 
baths containing chloride, with the exception only of 
electrolyses evolving fluorine. The allowable current 
density is 70 amperes per square decimeter or higher. 

Instead of the mixture mentioned above it is also pos¬ 
sible to apply by means of a brush mixture of 

100 parts by volume of absolute ethanol, 
10 parts by volume of platinum tetraiodide, 
2 parts by volume of rhodium trichloride, 
1 part by volume of lavender oil, 
3 parts by volume of colophonium resin, 
5 parts by volume of hydrazine. 

By the method according to the invention there has 
been produced an electrode in which there is a barrier 
layer completely covering the titanium of the base, so that 
where there are pores or breaks in the noble metal coating 
on the electrode, the titanium of the base is protected by 
the barrier layer. Should the coating peel or otherwise be 
removed, all that is exposed is the barrier layer, the 
titanium of the core being protected from attack by the 
electrolyte in which the electrode is immersed. 

In addition, it is possible with this type of electrode to ~0 
provide the electrode with a fresh coating of noble metal 
a substantially unlimited number of times, if desired. 
The barrier layer remains intact once it has been formed, 
so that it is not necessary to pickle the electrode before 
applying a new noble metal coating, as has heretofore 75 

been done with this type of electrode. Moreover, there 
will be no loss of the core material during recoating, since 
the noble metal is simply added to the barrier layer 
covered core. 

A further advantage of the electrodes according to the 
invention is that the adherence of the coating of noble 
metal is enhanced because the surface of the oxide bar¬ 
rier layer is rougher than the surface of the bare titanium 
metal. 

It is thought that the invention and its advantages will 
he understood from the foregoing description and it is 
apparent that various changes may be made in the method 
without departing from the spirit and scope of the inven¬ 
tion or sacrificing its material advantages, the forms of 
the method hereinbefore described and 

tofimfofmd m MitwwtWffntsth e re o f. 

1. An electrode, comprising a core of a metal taken 
from the group consisting of titanium and an alloy of 
titanium and small amounts of alloying metals, a high 
ionic resistance, low electronic resistance barrier layer. 
of titaniuni-Qxide_covcring at least a part of said core, 
and a noble metal coating Qvef saidLbarrjg^ )ayer, the 
noble metal being selected from the group consisting of 
platnium, rhodium, iridium, and alloys thereof, said bar¬ 
rier layer being electrolytically deposited on said core 
by impressing thereon a voltage below the breakdown 
voltage of the metal of the core in the electrolyte used for 
^ia,iaimali£iiLQf the barrier lavgi>r... 

2. An electrodeTcoSpfiS^^ SI a metal taken 
Ifrom the group consisting of titanium and an alloy of 
kitanium and small amounts of alloying metals, a high 
ionic resistance, low electronic resistance barrier layer 
of titanium oxide covering at least part of said core, and 
a noble metal coating over said barrier layer, the noble 
metal being selected from the group consisting of plati¬ 
num, rhodium, iridium, and alloys thereof, said barrier 
layer being electrolytically deposited on said core by im¬ 
pressing thereon a voltage below the breakdown voltage 
of the metal of the core in the electrolyte used for the 

^£r:.te.toJJfer laver. and the.goble metal coating 
being depositedontl^oarneriaycffillpainting onto the 
barrier layer a solution containing w :ompound of the 

4| 
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noble metal and evaporating the solvent. 
3. An electrode as claimed in claim 2 in which the 

alloying metals are taken from the group consisting of 
up to 4% vanadium, up to 4% aluminum, and up to 
10% zirconium. 

4. An electrode, comprising a core of a metal taken 
from the group consisting of titanium and an alloy of 
titanium and small amounts of alloying metals, a barrier 
layer of titanium oxide covering at least a part of said 
core, and a noble metal coating over said barrier layer, 
the noble meta! being selected from the group consisting 
of platinum, rhodium, iridium, and alloys thereof, said 
barrier layer having an electronic resistance in the range 
of about 0.001 to 0.005 ohm and an ionic resistance of 
at least about 35,000 ohms which is formed by immersing 
the core in a sodium chloride electrolyte for about 15 
minutes with an impressed voltage of about 4 volts. 

5. A method of making an electrode, comprising the 
steps of immersing at least a part of a core of a metal 
taken from the group consisting of titanium and an alloy 
of titanium and small amounts of alloying metals in an 
electrolyte as an anode, impressing a voltage on said 
core, w'hich voltage is below the breakdown voltage for 
titanium in said electrolyte, to thereby form a high ionic 
resistance, low electronic resistance barrier layer of 
titanium oxide on the immersed part of said core, and 
then coating over said barrier layer a noble metal taken 
from the group consisting of platinum, rhodium, iridium, 
and alloys thereof. 

6. A method of making an electrode, comprising the 
steps of immersing at least a part of a core of a metal 

rpm the group consisting of titanium and an alloy 
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... , 1t .mrt1inf5 nf ni|nvln(? metils in an is below the breakdown voltage for titanium in said 

uni in said .. Carrier lavw of titani- s noble metal, and then coating over said barrier layer a 
um oxide In theScr^d panof and then\ noble metal taken from the group consisting of platinum, 
painting onto said barrier layer covered core a solutiJr—^ihcitllum. indium, and alloys there__L 

containing a compound of a noble metal taken ta j lf^>\ References Cited by the Examiner 
■>roup consisting of platinum, rhodium, iridium, and allols >> kcici 
'hereof, and heating the painted core for evaporating lie j0 ^ UNITED STATES PATENTS 
iolvent and converting the compound to a metallic coatufc 2,955,999 10/1960 Tirrell--- 204—290 
while retaining the barrier layer undisturbed. I 2,965,551 12/1960 Richaud- 204—32 

7. A method as claimed in claim 6 in which the paint® '2,991,234 7/1961 Andrus-20-1—38 
irr is b-~<t ' ••npnr-itinn. nn%burning tit 3^85,052 4/1963 Sibert- 20-4—38 _ 

solvent, and then is heated in a reducing iffrnosphere few 15 3 096,272 7/1963 Beer - 204—290jL. 
reducing the compound of the noble metal while leavint ^^ 103,484 9/1963 Messner- 204—2S0 

the barrier layer unaffected. 1 ' nTlII It ILTlI'I'ltOXCC 8. A method of making an electrode, comprising th<% UlliLlt l.Li 
steps of partly coating a core of a metal taken from the Chemical Age, page 9, January 3, 1959. 
prnup consisting of titanium and an alloy of titanium 20 
and small amounts of alloying metals with a noble metal, WINSTON A. DOUGLAS, Primary Examiner. 

immersing at least a part of the core including a part of JOHN H. MACK, Examiner. 
The noble metal coated portion in an electrolyte as atf 
anode, impressing a voltage on said core, which volta| 

f txk. gi 

OH 

To t/tf 

5 



^rcKfc^S ^ - 

Mf v^ocuj ^ui(>fi^r ^oiJj ^lU. ioW 

^ e?^v Al |t!^\ 

Im^ju c$ 

i^(A^-x 

/ \|H °/*k. rK 
Y<^JtT^ (H.. C^v^* 



I 

GREAT LAEl CARBj 

\ PATENT DEPART 

>EKSSa ELECTROD! 

' A 

jplUDk^d^fW <jf : (jOND^yS€^ 

~ sp£jkcrb'e 

OrS«- 
f/rr^iM <\\ i f 

y1. !■-. v, . ~ 

&•-&-r*tic coi^ Y 

/>?? : — 



:* Jft • S.+s '. ■ &£ ip w aallrf-v^Lit gr&j 'Artl-'toi 

Patented July 23, 1953 2,647,079 

STATES PATENT OFFICE 
2,647,079 

'PRODUCTION OF INSULATED CONDENSER . 
ELECTRODES 

John Burnham, Willlamstov/n, Mass., assignor to 
Sprague Electric Company, North Adams, Mass., 
a corporation of Massachusetts 

Application Juno 3,1940, Serial No, 30,041 

3 Claims. (Cl. 204—S3) 

This invention relates to insulated electrical 
conductors and more specifically refers to in¬ 
sulated condenser electrodes and electrical con¬ 
densers employing same. 

The use of formed oxide films on aluminum in 
electrostatic condenser constructions is well 
known in the art. Despite "the volume of refer¬ 
ences describing such films and condensers, 
there has been no commercial success with con¬ 
densers of this type. This may be attributed to 
several disadvantages inherent in prior pro¬ 
cedures and structures. First, the oxide films 
are relatively fragile and difficultly handled 
without damaging the Insulation. Second, it has 
been difficult to adequately provide insulation • 
within the cracks and weak spots of the oxide 
film. In the manufacture of electrolytic con¬ 
densers, such weak spots are 'overcome by the 
forming of additional oxide film during the 
aging or’ use of the condenser. This self-heal¬ 
ing feature is not possible in electrostatic con¬ 
densers. Other disadvantages have resulted 
from the inability to operate the condenser elec¬ 
trodes at very high temperatures, eliminating 
some of the possible advantage of an aluminum 
oxide film over organic dielectric materials. 

It is an object of the present invention to 
overcome the foregoing and related disadvan¬ 
tages. A further object is to produce new and 
improved insulated electrical conductors which 
are particularly applicable in the manufacture 
of electrical.condensers. Additional objects will 
become apparent from the following description 
cpd claims. 

These objects are obtained in accordance with 
the invention where there is produced an in¬ 
sulated conductor selected from the class con¬ 
taining aluminum, tantalum and titanium, the 
surface of said metal being provided with an ad¬ 
herent porous film of the oxide of the metal, the 
pores of said oxide film being impregnated with a 
polytetrahaloethylene resin, in a restricted 
sense, the invention is concerned with an in¬ 
sulated condenser electrode comprising alumi¬ 
num on the surface of which is an adherent 
porous aluminum oxide film, the pores of which 
are Impregnated with particles of a polytetra¬ 
haloethylene resin. In one of Its preferred em¬ 
bodiments, the invention is concerned with an 
insulated condenser electrode comprising alumi¬ 
num, on the surface of which is an adherent 
porous aluminum oxide film between about 1.0 
micron and about 400 microns in thickness, the 
pores being impregnated with polytetrafluoro- 
ethylene particles. The invention is also con¬ 

cerned with novel methods for producing the in¬ 
sulated conductors of the invention. 

I have discovered that highly useful and de- . 
sirablo insulated conductors may be produced 

6 with film forming metals, such os aluminum, ti- 
* tanium and tantalum, by a true impregnation of 

the pores of the oxide film with a polytetrahalo¬ 
ethylene resin. In contrast to prior so-called 
dry oxide film3, my insulation is durable, tough. 

10 non-inflammable and may. be operated at ex¬ 
tremely high temperatures. According to my 
invention, the base electrode , is treated to pro¬ 
duce On oxide film thereon by electrolytic meth¬ 
ods and prior to drying of the film is subjected 

16vto a treatment with a suspension of polytetra¬ 
haloethylene resin particles. These particles 
are deposited in the pores of the oxide film and 

• are subsequently sintered to produce a dielectric 
of heretofore unobtainable properties. 

CO The metals which may serve as base electrodes 
in accordance with my invention include 
aluminum, titanium and tantalum. These are 
provided with a porous oxide film by anodic 
treatment in an -appropriate electrolyte. The 

25 pores in the film generally extend perpendicu¬ 
larly to the plane of the base metal surface. 
Representative electrolytes are oxalic acid, citric 
acid, boric acid, chromic acid and the like. 
Where high porosity is desired on aluminum, 

30 for example, I prefer to form an oxide on the 
metal in an oxalic acid electrolyte. For very 
high voltage films, I prefer to form a porous 
oxide film on the metal from an oxalic acid elec¬ 
trolyte and subsequently form a less porous oxide 

35 film thereon from a boric acid electrolyte. As a 
general rule, the formation in the oxalic acid 
electrolyte should be conducted between about 2 
volts and about 600 volts. The boric acid film 
formation process may be conduited at voltages 

40 up to about 1800 volts. Prior to drying of the 
oxide film, the treatment with the resin particles 
is carried out as described below. It is, how¬ 
ever, desirable to wash the residual electrolyte 
from the film with water or a solvent for the 

45 electrolyte. 
The resin is polytetrahaloethylene resin or a 

copolymer of a tetrahaloethylene with another 
polymerizable material. Representative resins 
are polytetrafiuoroethylenc, polytrifluorochloro- 

30 ethylene, polytetrachloroethylene and the like. 
These may be suspended in water or other me¬ 
dium by use of an appropriate suspension agent, 
or polymerized in the presence of the medium. 
The suspension medium should be compatible 

r»r* with the electrqlyte solvent, for example, when 



. a water solution of oxalic acid Is used as the 
electrolyte and water Is used as the washing me¬ 
dium, the suspending medium for the resin par¬ 
ticles should be water or a water-soluble material 
to insure thorough impregnation of the pores of 
the coating. The metal with its undried oxide 
film thereon is passed through a suspension of 
resin particles, then clried and subjected to a tem¬ 
perature sufficient to cause. sintering of the resin 
particles together. 

The temperature for the particle sintering de¬ 
pends, of course, upon the particular resin cm* 
ployed. In the case .of polytetrafluoroethylene 
the temperature is preferably between about 350° CJ^yj claim: 

2,047,070 

A 
temperature, e. g. 300° c. or higher, thus ex¬ 
panding and driving out much of the air filling 
the pores. The assembly may then be quenched 
in the suspension of resin particles, drawing them 

ft into the pores. Thereafter, the film may be dried 
and the resin particles sinte.red as heretofore de¬ 
scribed. 

As many widely different embodiments of this 
invention, may be made without departing from 

JO the spirit and scope hereof, it is to be understood 
that the invention is not limited to the specific 
embodiments hereof except as defined in the ap« 
^nded claims. 

C. and 425° C. The electrode is thereby insulated 
for high voltages, is durable and tough, is resist¬ 
ant to moisture and common solvents, and.Will 
not sustain flame. 

The invention will be further described with 
reference to the appended drawing which shows 
a cross-section of an insulated conductor. The 
base metal is provided with a porous oxide film 

. corresponding to the underlying metal. The 
pores of the oxide film are impregnated with the* 
resin, in the form of sintered particles. If so de¬ 
sired, the resin may be provided in excess, for 
example, by a multiple treatment to form a con¬ 
tinuous, impervious top coating, thus increasing 
the electrical breakdown voltage. The dielectric 
constant of the oxide is greater than that of the 
resin and it is often desirable to limit the thick¬ 
ness of the top coating of resin. 

Conductors insulated in accordance with the 
Invention are particularly useful in the manu¬ 
facture of electrical condensers. Two electrode 
foils, at least one of which is insulated as de¬ 
scribed above, may be stacked or rolled in the 
usual manner to produce an extremely durable 
high-temperature condenser. For high voltag& 

1ft ' A process for producing insulated condenser 
electrodes which comprises anodically oxidizing a. 
foil of a metal selected from the class consisting 
of aluminum, tantalum and titanium in a film 
forming electrolyte to form on the foil a porous 

20- oxide film having a thickness, of from 1 to 400 
microns, washing the porous oxide film with a 
liquid which is a solvent for the electrolyte to 
flush away the electrolyte, contacting the washed 
and undried film with a suspension of particles 

2ft of a polytetrahaloethylene resin in a vehicle sol¬ 
uble in the washing liquid to impregnate the 
pores of the film with such resin particles, drying 
the Impregnated film and sintering the resin 
particles together, 

2. A process as claimed in claim 1, wherein 
the resin is polytetrafiuoroethylene, the.wash¬ 
ing liquid and suspension vehicle are both water, 
and the sintering is carried out at temperatures 
between about 350° C. and 425° C. 

. 3. A process as claimed in claim 1, wherein 
the porous oxide film is formed on an aluminum 
foil by first electrolyzing the latter in an oxalic 
acid electrolyte and then in a boric acid elec¬ 
trolyte. 

JOHN BURNHAM. 

30 

3ft 

40 applications, it is desirable to employ initially 
thicker oxide films, and then to treat them in 
accordance with the invention. If so desired, the lybN r, 
surface of,the insulated conductor such as shown V EC'CCj Clt<?d ln the file of thls patenfc 
in the figure may be provided with a metal coat- UNITED STATES PATENTS 
ing, such as evaporated, sprayed or mechanically 
deposited silver, zinc, copper and the like, to pro¬ 
duce an integral electrode and thus a complete 
condenser section. 

The invention is, of course, applicable to many 
other devices, such as insulated wires, insulated 
electrical structural members, corrosion resistant 
mechanical assemblies and the like. 

..'■It is contemplated that the impregnation of 
the pores may be accomplished by drying the 
oxide film and heating the assembly to a high 

C3 

45 

CD 

Number Name Date 
1,031,063 Patrick .. Nov. 27. 1934 
2,125,337 Mason ___ . Aug. 2, 1938 
2,214,876 Clark. Sept. 17, 1940 
2,231,407 Castor et al.. - Feb. 11, 1941 
2,262,037 Schenk _ Nov. 18, 1941 
2,302,303 Joyce ___ . Jan. 8, 1946 
2,302,339 Joyce _ . Jan. 8, 1946 
2,403,010 Burnham_ . Oct. 8, 1946 
2,413,513 Brennan et al. . Sept. 7, 1948 
2,443,052 Berry_ - Sept. 7, 1048 
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Improvements in or relatffflffo Electrode^ 

^ ^ iumwn '%£{%& 

We, ^N.V. Curacaosche Exploitatie | 
>MaatscSappij Uto, ot liandelskade 24,'' 
Willemstad, Curacao^ Netherlands Antilles, a 
Company registered under the Laws of the 
Netherlands Antilles, do hereby declare the 
invention, for which wc pray that a patent 
may be granted to. us, and the method by 
which it is to be performed, to be particu¬ 
larly described in and by the following state- 

10 ment: — 
In co-pending Patent Application No 

10872/58 (Serial No. 855,107) an electrode i< 
described which consists of a core of titanium 
provided with a coating of a precious metal 

j 15 which core is provided with a barrier layei 
of titanium dioxide in those places where thj 
coating is porous,, 

Tier layer may be applied electro- 
lytically before the electrode is put into use. 

/ Throughout this specification and claims, 
by the term “ noble metal ” is meant a metal 
selected from a list comprising gold and the 
metals of the platinum group, viz., platinum, 
ruthenium, rhodium, palladium, osmium and 
iridium. 

In this specification and claims the expres¬ 
sion “core” is intended to cover not only 
the case where the titanium is completely sur¬ 
rounded with noble metal, but also cases in 

JO which the titanium is only partially sur¬ 
rounded, e.g. a layer coated on only one side. 

It has now been found that such an electro- 
lytically formed barrier layer is not always 
satisfactory because the ohmic resistance of 

35 the titanium is so many times greater than 
that of the noble metal that, especially in the 
fine pores, insufficient energy can be supplied 
to build up a barrier layer which provides 
sufficient chemical protection. This is especi- 

40 ally to be expected when using electrolytes 
which together with the titanium will pro¬ 
duce compounds which produce the oxide 
forming the barrier layer only after hydrolysis. 
Examples of such electrolytes are hydrohalic 

[Price 3s. 6d.\ 

vifiK 

thereof. The—facriicls been” 
established that owing to the absorptive capa¬ 
city c>f t^ fine pores in the coating there is a 
possibilit^that the concentrated anolytes will 
accumulate "Hi pores so that the base 
core or carrier n\tal may be chemically 
attacked. 

Furthermore, it hSs been found in actual 
practice that the barrVig effect of an electro¬ 
lytically formed barrieAlayer needs to be built 
up again to a slight extent each time when the 
current is switched on Jkgiin a£ten being 
switched off. It will be f^^firgL.^virrh, 
ing off the current the ofTmic resistance in the 
reverse (non-conducting) direction of the layer 
has dropped to below the value that is desired. 
This desired minimum, however, will be 
reached again in a few seconds after the cur¬ 
rent has been switched on. The explanation 
of this phenomenon is presumably to be found 
in the fact that an electrolytically built up 
barrier layer has a slight excess of oxygen in 
its lattice, which oxygen gets lost when the 
current ^ interrupted, so that the resistance 
of the layer decreases. (The more oxygen 
there is bound to the material of the barrier 
layer, the greater will be the resistance). The 
supply of current, however, will soon replen¬ 
ish the amount of oxygen lost. 

For the correct operation of the electrode 
this. change of the resistance and the con¬ 
comitant change of the chemical resistance 
during the rest pauses may be dangerous as 
it will make the electrode vulnerable. 

These disadvantages of electrolytically 
formed barrier layers may be eliminated by 
using a barrier layer_ofjJtanium oxide formed 
or strengthened _by a heat treatment of "the 
electrode in, any oxygen con taining-atmos¬ 
phere. It is then also possible to provide 
tKe~smallest pores with a protective layer. 

A layer formed according to the invention 
will impart, through the pores of the conduct¬ 
ing noble metal coating, an absolute resistance 
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acetic acid and ZL 
nium bifluoride. 

against substantially all chemical substances 
to the titanium. The barrier layer thus 
formed is not porous either. This effect can 
be achieved by forming the compounds at 
such a temperature that the layer will sinter 
to a degree so that its surface will close. 
closed layer thus sintered cannot be obtainec V 
by electrolysis alone. In addition the adhe- Qfl 
rence of this layer to the metal may even bt 
improved by gradually cooling the electrode 
after the formation of the protective layer. 

When the current is interrupted the ohmic 
resistance, which is related to the chemical 
resistance, does not decrease to any signifi-j 
cant extent. Also when the oxide of the 
metal is formed the oxygen is found to adhere' 
strongly to the metal. 

The thermal treatment may cause the oxide 
formed to sinter and thus to adhere better. 
Furthermore gases adsorbed on one of the 
metals e.g. after the cathodic precipitation of 
the noble metal coating, may be expelled by 
the thermal treatment, so that they can no 
longer exert a harmful influence. Another 
effect of the thermal treatment may reside in 
the .conversion of the oxide into another more 
desirable crystal form. Thus it has been 
found, for example, that the titanium dioxide 
formed by heating titanium in the presence 
of air will change into the rutile form when 
it is subjected to a further heating treatment, 
which rutile form is chemically the most re¬ 
sistant one. In some cases an extremely thin 
layer of oxide is already present on the metal 
as commercially available, which oxide is only 
converted into another, more stable form by 
the thermal treatment. 

The resistant coating of noble metal may 
be applied to the titanium in various known 
manners. This may be effected by electro¬ 
plating or chemical deposition, cathodic sput¬ 
tering, rolling or by ultrasonically welding of 
extremely thin foils. Ir is also possible to 
start from an extremely thin foil of noble 
metal and electrolytically to apply thereto a 
layer of titanium, which subsequently is 
brought into the desired inert condition 
according to the invention in the places where 
the noble metal is porous. The non-coated 
side of the titanium is also rendered entirely 
infcrt during this treatment. 

When using titanium as a core or carrier 
metal, it is possible, for economic reasons, 
to precipitate a thin layer thereof on iron, 
e.g., electrolytically and to rhodanize this iron- 
titanium. By heating the electrode in an 
atmosphere of oxygen the titanium v. H flow 
about the iron so that no pores are reft in 
the titanium, while at the same time the 
oxide of titanium is formed in the place where 
the rhodium coating is porous. 

The electrodes manufactured according to 
the invention may be used for carrying out 
electrolyses both in aqueous solutions and in 
organic electrolytes in the heat or in the cold. 

They may also be used for electrolysing salt 
melts. 

The invention will be further elucidated 
with reference to the following examples. Said 
examples, however, should not be taken as 

Example 1 
A plate of titanium was degreased in petrol 

Subsequently it was pickled for one minut 
in a solution of 60 parts by v/eight of water! 
20 parts by weight of nitric acid and 3 part 
by weight of sodium fluoride at 50° C., rinsed 
with clean water and suspended for 10 minutes 
in a solution of 80 parts by weight of (100' 

ts by weight of ammo- 

70 

Theplate1 TffST WWP 
of alternating current, a 

plate of titanium being used as the other 
electrode. The voltage of this alternating 
current was raised to 10 volts and subse- 85 
quently the first mentioned plate was taken 
out of the solution, rinsed well and galvanic¬ 
ally rhodanized in a conventional bath. The 
plate of titanium was covered then with an 
extremely thin, but strongly adhering layer 50 
of rhodium. 

' Subsequently it was introduced for four 
minutes into an atmosphere of helium at 400 
—500° C. as a result of which the rhodium 
adhered better to the titanium. Subse- 95 
quently the plate was cooled and kept in an 
oven at a temperature of 800° C. in air or 
in another mixture richer in oxygen for 15 
minutes, so that the titanium changed into 
titanium dioxide in the porous places. Sub- 100 
sequently the plate was slowly cooled in the 
same atmosphere. The electrode obtained 
was excellently suited for use in acid, neutral 
urw,g^m .. 

EX/ Example 2 
A/plate of titanium was coated withrhodium 

in the manner already described.’ 
id electro WMjmt.. 

lyte consisting of 80 % by weight of phosphoric 
acid, 10% by weight of sulphuric acid (9S%) 110 
and 10 parts by weight of water. A plate 
of lead was used as cathode and the voltage 
gradually raised to 10 volts. A layer of tita¬ 
nium oxide formed in the pores of the noble 
metal on the titanium. The treatment took 115 
about 10 minutes. The plate was rinsed 
well, dried and subsequently placed in an 
oven in which the temperature is raised to 
S00° C. After this temperature had been 
maintained for one minute the oven was 120 
allowed to cool gradually. Care was taken 
that during the heating fresh air was unable 
to enter the oven. Subsequently the plate 
was taken from the oven and was then ready 
for use. The heat-treatment of the oxide 125 
first obtained electrolytically resulted in a 
layer which was much more resistant than the 
layer formed electrolytically. 

i 
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It will be understood that while the 
examples relate to the use of rhodium, similar 
methods may be used for the application of a 
coating of . the. other noble metals listed, andi 
the invention is also applicable to the forma- j 
tion of barrier layers under such coatings j 

-/ ^VHAT WE CLAIM IS: — 
1. An electrode consisting of a core {as 

hereinbefore defined) of titanium and a coat¬ 
ing of a noble metal, characterized in that 
the titanium in the places where it is not fully 
coated by the noble .metal has a barrier layef 
of. titanium oxide formed or strengthened 
-thercon by a heat treatment ftf the .electrode 

[in an oxygen-containing 
W5P"Sccorcfing to Claim 1, 

Characterized in that the barrier layer con- 
sistiofjitanium_oxide in the__rutile form. 

3. An electrode according to either of 20 
Claims 1 or 2, characterized in that the ther¬ 
mal treatment is carried out in such a manner 
that the compound formed will sinter and 
coalesce. 

4. An electrode when made substantially as 25 
described in either of the examples given. 

fw 5. A method of making an electrode sub- 
I stantially as described with reference to either 
of the examples given. 

MARKS & CLERK. 

Leamington Spa: Printed for Her Majesty’s Stationery Caice, by the Courier Press.—1961. 
Published at The Patent Ofliec, 25, Southampton Buildings, London, W.C.2, from which copies may be obtained. 
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CHEMISCHE FABRIK WEISSENSTEIN, Gesellschaft m. b. H., 
Wei$senstein ob der Drau (Kflrnten, Austria) 

Anodes for the production of per compounds. 

5> >In order to avoid using anodes of pure platinum in 

electrolysis, the procedure was to cover tantalum in the form of 

wire or sheet metal electrolytically with platinum in such a 

way that the entire tantalum surface received a continuous 

coating of platinum, so that it was impossible for the electrolyt 

to come in contact with the tantalum foundation. For short- 

time use of such platinum-plated anodes for analytical purposes, 

they have rendered good service. However, when attempts were mad 

to use such anodes in continuous operation for the production of 

per compounds, they showed little durability; a part of the 

platinum coating adhered to the foundation, while another part 



-2- 

had so little adhesiveness that after being used for a short 

time in electrolysis the platinum particles gradually passed 

into the electrolyte. 

Surprisingly, the electrolysis for the purpose of 

producing per compounds could nevertheless be carried on with 

such a damaged electrode, as long as just enough of the platinum 

was still in sufficient contact with the foundation to bring 

about passage of the current. However, a continuous operation 

with an electrode in this condition is obviously not feasible, 

especially since a reduction in the contact surface between the 

tantalum and the platinum results in an increased voltage, a 
current yield, 

reduction in the electrolytic efficiency, and thereby an increase 

in the cost of production. 

What is most surprising is the discovery that the 

appearance of the tantalum surface either as metal or in the 

oxidized state does not exert the slightest harmful influence on 

the process of formation and on the stability of the formed 

per compounds. This behavior of the per compounds, which are 

otherwise so extremely sensitive to metal-containing catalysts, 

now offers the possibility of producing very stable and durable 

electrodes. 

To produce such a platinum overlayer on a tantalum 

foundation that it does not cover the entire tantalum surface with 

platinum, is technically considerably simpler and cheaper to 
detach 
loosen than encasing the entire tantalum body with the expensive 

overlayer 
platinum. The superimposed layer can, for example, be carried out 

by electrolysis or by.hammering on, welding on, rolling on, etc. 
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PATENT CLAIM: 

f'lX ^ Anode for the production of per compounds, characterized 

by the feature that the anode consists of tantalum, the surface 
plating. 

of which is only partly provided with a platinum coating. 

CHEMISCHE FABRIK 

WEISSENSTEIN 

Gesellschaft m. b. H. 

Representative: A. RITTER, Basel. 
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