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ABSTRACT OF THE DISCLOSURE 
Three component electrode having enhanced resistance 

to high voltage damage, particularly in chlorinating hy 
pochlorinating, and similar electrolytic process, said elec 
trode comprising a heavy substrate selected from the 
group consisting of titanium and columbium having ther 
moelectrically bonded thereto an intermediate layer about 
.0003 to .01 inch thick of a metal selected from the group 
consisting of tantalum and columbium and higher melt 
ing than the metal of said substrate, and an outer layer 
about .0003 to .005 inch thick of a platinum metal select 
ed from the group consisting of platinum, rhodium, iridi 
um, ruthenium and alloys thereof, and having a melting 
point lower than the metal of said intermediate layer. 
the thermoelectric bonding of said metal layers to the 
substrate being effected under sufficient thermoelectric 
heat and pressure to cause visible surface deformation of 
said substrate and intimate adherence of said intermedi 
ate and outer metal layer to the thus deformed surfaces 
of the substrate. 
A preferred general purpose electrode has a titanium 

substrate, an intermediate layer of columbium or tantalum 
and an outer layer of a platinum metal. For unusually 
high voltage operation the substrate can be columbium, 
the intermediate layer tantalum and the outer layer a 
platinum metal. 

BACKGROUND OF THE INVENTION 
In the electrolysis of salt solution, particularly in chlo 

rinating and hypochlorinating processes, considerable 
difficulty has been experienced in providing electrodes 
which will perform effectively for extended periods of 
time. By way of illustration in the chlorinating of Swim 
ming pools and the like it is desirable that electrodes 
should perform satisfactorily for a period of 3 to 5 years, 
but most electrodes used for this purpose in the past have 
lost efficiency or broken down completely in less than a 
year of operation. 

Materials which are most advantageous in electrode 
construction both from the standpoint of chemical resist 
ance and electric conductivity are the metals of the plat 
inum group including in particular platinum, rhodium, 
iridium, ruthenium and alloys thereof. These metals are 
so expensive, however, as to prevent their use as elec 
trodes for most electrolytic processes except as such 
metals are applied as thin layers or foils to less expensive 
supporting materials. 

Various methods have been used in the past in attempts 
to suitably coat a substrate, such as tantalum, niobium, 
titanium, and alloys thereof, with metals of the platinum 
group, but with varying degrees of success and practica 
bility. United States Pat. No. 2,719,797, for example, dis 
closes chemical decomposition or electrolysis to form thin 
deposits of platinum metal in conjunction with heating 
to effect a bond with the substrate. These methods, how 
ever, tend to produce uneven or incomplete coatings of 
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the platinum metal, and there is a substantial tendency 
for the heat treatment to modify the platinum metal com 
position and its electric conductivity, thereby reducing its 
effectiveness as an anode surface material. 

It is pointed out in said United States Pat. No. 2,719,- 
797 that "attempts to cover the tantalum strip with a plat 
inum metal foil to hold the metals together, as by sweat 
ing, rolling or hammering, have proved to be unsatisfac 
tory because the platinum metal foil is held to the tanta 
lum only by mechanical contacts which is not sufficient 
to permit its use as an anode.” 

In applicants' copending application Ser. No. 520,596, 
filed Jan. 14, 1966 which issued as U.S. Pat. 3,443,055 
on May 6, 1969, there is disclosed a method for bonding 
platinum metals to Substrates such as tantalum, titanium 
and niobium (also known as columbium) under the in 
fluence of pressure and locally generated thermoelectric 
heat which produces electrodes that are far superior to 
previously available electrodes. 
The improved electrodes as disclosed in said copending 

application comprises a laminated body of platinum metal 
foil bonded to a compatible metal substrate which is 
highly resistant to electrolytic oxidation, the bonding be 
ing effected by applying along a line of contact between 
a small diameter cylindrical member of hard conductive 
metal, rotatable in a massive electric conductor, in en 
gagement with said foil, and a second massive electric 
conductor in engagement with said substrate, a pressure 
of about 10 to 300 pounds per linear inch, and an elec 
tric current below 12 volts at an amperage to provide at 
least 3 kva. per linear inch of said line of contact, while 
advancing said small diameter cylindrical member in a 
direction perpendicular to said line of contact at a rate 
to provide a bonding heat sufficient to soften, without 
melting, the Substrate surface. 
The platinum metal can be platinum, rhodium, iridium 

or ruthenium or alloys thereof; the substrate metal can 
be tantalum, titanium, niobium or alloys thereof; and the 
bonding is preferably effected at a pressure of 50 to 150 
pounds per linear inch, using current of 0.1 to 5 volts 
at an amperage to provide 7 to 100 kVa. per linear inch. 

Preparing electrodes according to the method above 
described requires extreme precision in the pressure and 
rate of feed applied to the small diameter cylindrical 
member which forms the line of electrical contact with 
the workpieces. Insufficient pressure or too rapid advance 
of the cylindrical member can result in incomplete or 
discontinuous bonding of the platinum metal foil to the 
substrate, and too slow or uneven advance of the cylin 
drical member can cause rupture or burn-through of the 
foil. The latter type of damage can usually be detected 
by visual inspection and remedied by spot patching with 
additional foil applied by the same method. The incom 
plete or discontinuous bonding of the foil to the substrate 
is a more serious problem since it is difficult to detect by 
inspection. 

It has been observed with numerous electrodes in the 
field that such incomplete or discontinuous bonding does 
not interfere with performance of an electrode, so long as 
the overlying layer of platinum metal remains sound and 
free of pores or microscopic breaks which might permit 
electrolyte to reach the substrate. When such break does 
occur, however, the entire area of incomplete bonding can 
rapidly be stripped of the platinum metal foil. If the area 
is small and the electrode is operating at a low voltage 
such as 6 to 8 volts the damage may not seriously im 
pair the efficiency of the electrode, and electrodes with 
slight damage of this sort have been continued in use 
successfully for many months. If more than about 5% 
of the electrode surface is thus damaged its efficiency 
may be sufficiently reduced to warrant replacement. If 
the voltage at which the electrode is operated is appre 
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ciably above 6 to 8 volts, however, any such rupture of 
an unbonded portion of the platinum metal can lead to 
erosion of the surrounding soundly bonded areas with 
progressive destruction of the entire electrode. 
The problems due to incomplete or discontinuous 

bonding as above described have come into focus in 
extensive experiments which applicants have been con 
ducting in which the thermoelectrically bonded electrodes 
have been operated at unusually high voltages for ex 
tended periods of time; and the Surprising and unex 
pected results of such high voltage operation have indi 
cated that there is a real need for eliminating the prob 
lem of latent failure due to incomplete or discontinuous 
bonding. 

THE INVENTION 

It has now been discovered, that the problems above 
described with electrodes having a platinum metal foil 
thermoelectrically bonded directly to a heavy metal sub 
strate can be overcome by employing in addition to the 
platinum metal foil an intermediate metal foil which has 
a melting point appreciably higher than the platinum 
metal and the substrate. The method of bonding is gen 
erally similar to the method disclosed in said copending 
application differing somewhat therefrom in the optimum 
operating conditions as hereinafter described. 
The key to the superior bonding attained with the three 

component system appears to be the use of an inter 
mediate foil which has a substantially higher melting 
point than the platinum metal and the substrate. This pro 
vides a greater concentration of heat at a location to per 
mit more effective surface softening of the substrate and 
assurance of intimate contacting of the superimposed 
metal surfaces throughout the length of the small cylin 
drical conductor as it is pressed against and rolled along 
the assemblage. This explanation of what is apparently 
taking place is based both on the intense orange glow 
which develops in the intermediate foil in alignment with 
the small cylindrical roller, and on the slight surface de 
formation of the bonded substrate and foils. In fact the 
path of the cylindrical roller on the assemblage tends 
to assume a slightly rippled contour, indicating that the 
localized heating is so instantaneous and sensitive that 
the softening of the substrate surface varies slightly in 
each cycle of the current supply. 
The selection of metals to use in the substrate and foils 

should be made with reference to both the relative melt 
ing points and the type of use intended for the electrode. 
The following tabulation of melting points will serve as 
a guide: 

herseasuall-es------- 

Metal MEP. 
Platinum----- 1,773 

Outer foil...- :E": SS 
Ruthenium--- 2,450 

Middle ?oil.....{SE: 35 
Substrate.-----Ei. 33. 

Bearing in mind that the middle foil should have a 
higher melting point than the outer foil and substrate it 
follows that if the substrate is titanium, the middle foil 
can be either columbium or tantalum; but if the substrate 
is columbium the middle foil will be tantalum. Also, if the 
middle foil is columbium, iridium and ruthenium should 
not be employed as the outer foil except as lower melting 
alloy forms. 

In terms of intended use of the electrode an important 
factor is the voltage to be employed. Titanium can with 
stand only about 7 to 10 volts before showing signs of 
breakdown. Columbium on the other hand, can with 
stand up to about 45 volts and tantalum about 130 volts. 
Thus if an electrode is intended for operation in the 10 
to 45 volt range a middle foil of columbium over a titan 
ium substrate provides reasonable protection for the sub 
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4. 
strate in the event of damage to the platinum metal ex 
posing portions of the middle foil. For operation at volt 
ages above about 45 volts such protection would best be 
provided by switching to a tantalum middle foil, and 
Suitably also switching to columbium as the substrate. 
The equipment employed in assembling the new elec 

trodes is the same as that described in said pending appli 
cation. The substrate can rest on a large massive con 
ductor Suitably in the form of a heavy plate of copper or 
highly conductive harder copper alloys. A moveable mas 
sive conductor grooved to receive a small diameter cylin 
drical roller of a hard conductive metal, such as tungsten, 
tungsten carbide, alloys of tungsten carbide, and stainless 
steel, is arranged above the first massive conductor in a 
manner to apply downward force against Superimposed 
Substrate and foils as the cylindrical roller is rotated to ad 
vance it over the Superimposed Workpiece in a direction 
perpendicular to its axis. The cylindrical roller can be 
of a length to traverse the full width of the electrode sub 
Strate or it can have a portion of enlarged diameter (fit 
ting within a recess in the upper massive conductor) 
which provides a line of contact substantially shorter 
than the width of the electrode, requiring a number of 
passes to fully bond the Superimposed foils to the sub 
State. 

In a large scale adaptation of the method the flat bed 
massive conductor can be replaced, as disclosed in said 
pending application, with a large diameter roller, driven 
in Synchronism with the small diameter roller, and hav 
ing a diameter of the order of 10 to 20 times the diameter 
of the Small diameter roller. 
The operating conditions for assembling the three part 

electrode are somewaht more severe than those described 
in said pending application for laminating platinum metal 
foil directly to the substrate. The pressure applied should 
be about 600 to 3000 pounds and preferably about 840 to 
1440 pounds per linear inch of contact between the small 
diameter cylinder (or enlarged portion thereof) and the 
Superimposed foils and subtsrate; and the roller is rotated 
to advance the line of contact about 12 to 36 inches per 
minute. The applied voltage should be less than 10 volts, 
and suitably in the 0.5 to 5 volt range, with the applied 
current providing at least 30 and suitably 40 to 100 kva. 
per linear inch of contact by the small diameter roller (or 
enlarged portion thereof)-when using relatively thin sub 
Strate and foils. As the thicknesses of substrate and foils, 
and particularly the intermediate foil, are increased, the 
kva. can be increased to as much as about 500 kva. per 
linear inch. 

It is important that the applied pressure and the speed 
of rotation of the Small diameter roller advancing the 
same over the Superimposed workpieces be maintained 
essentially constant, and that the electric current be turned 
on and off while the pressure is applied and the roller is 
in motion. There is no harm in going over a previously 
bonded area provided these limitations are adhered to; 
in fact when using a roller with an enlarged portion which 
contacts only part of the width of the electrode sub 
strate it is important to overlap the previously bonded 
portion slightly when making the next pass in order to as 
Sure overall bonding of the superimposed foils. Any 
Stopping of the forward movement of the roller while the 
current is on must be avoided, as this may cause a burn 
through of one or both of the Superimposed foils. 
The Substrate metal can be of any desired thickness 

to provide the desired rigidity in the electrode. For elec 
trodes 2 to 3 inches wide and 6 to 12 inches long a thick 
ness of about .03 to .25 inch is generally suitable. The 
middle foil is about.0003 to .01 inch and preferably about 
001 to .0015 inch thick; and the outer platinum metal 
foil is about .0003 to .005 inch and preferably about .0003 
to .0006 inch thick. 
The following examples will serve to more fully demon 

strate how typical electrodes in accordance with the 
present invention are assembled, but it is to be under, 
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stood that these examples are given by way of illustration 
and not of limitation: 

Example I 

Electrodes are prepared by bonding to flat sheets of 
titanium measuring 2 inches by 6 inches by .06 inch thick 
an intermediate foil 0.0015' thick of tantalum and an 
outer foil 0.0005'' thick of platinum. In the bonding op 
eration the titanium plate is placed on a large copper 
alloy bed providing one terminal of an electrical circuit. 
A hand held copper electrode forming the outer side of 
said current has a transverse groove in the lower end 
thereof which receives a rotatable tungsten carbide cylin 
der about 0.5 inch in diameter having a central enlarge 
ment about 0.75 inch in diameter, and having an axial 
length about 0.25 inch, with a slightly rounded surface 
contour. The end of the cylinder is provided with an off 
set crank to facilitate controlled rotation along the foils 
as the same slidably rotates in the hand held electrode. 
While applying a downward pressure of about 80 

pounds to the superimposed foils and titanium plate (pro 
viding about 800 pounds per linear inch at the line of 
contact between the roller enlargement and the platinum 
foil) the crank is turned at a rate to advance the line of 
contact at the rate of about 12 inches per minute. With 
the pressure thus applied and motion initiated a foot 
switch is actuated to apply current between the conduc 
tors from a 2.5 volt power source capable of delivering 
5000 amperes. This amount of power provides about 125 
kva. per linear inch along the line of contact of the roller 
enlargement with the platinum foil. When approaching 
the end of the titanium plate the foot switch is released 
to cut off the power supply and only then is the applica 
tion of pressure and rotation of the roller terminated. 
As observed from the side" the heat generated by the 

applied current provides a bright orange glow, apparently 
concentrated primarily in the tantalum foil in a small 
area directly aligned with the line of contact established 
by the roller enlargement. 
The steps above described are repeated along a second 

path in which the line of contact with the roller enlarge 
ment slightly overlaps the first path, and the sequence 
of steps is repeated a number of times until the Super 
imposed foils have been bonded to substantially the en 
tire area of the titanium plate. 

Overhanging edges of the foils are cut off slightly 
beyond the edges of the titanium plates, folded around 
the titanium plate, and bonded to the reverse side thereof 
by inverting the assemblage on the conductor base and 
repeating the bonding procedure along the folded over 
portions of the foils. 
Terminal posts are then welded to the reverse side of 

the titanium plate, and the reverse side and edges of 
the assemblage are encased in a resistant resin, suitably 
a polyacrylic resin such as methyl methacrylate polymer 
to insulate and protect portions of the assemblage not 
covered by the superimposed foils. 

In the paths made in the bonding operation there are 
slightly visible ripples quite uniformally spaced along 
each path which are caused by fluctutations in the alternat 
ing current supply. There are also slight ridges at the 
overlap between successive bonded paths. When an elec 
trode is torn apart to separate the foils from the substrate 
these ridges and ripples appear in the substrate in exact 
conformance with the surface appearance indicating that 
a progressive softening and displacement of the surface 
metal which provides the desirable overall bonding of the 
superimposed foils to the substrate. 

Electrodes prepared as above described are extremely 
durable in chlorinating operations at 10 to 40 volts, and 
current densities ranging from a trace to 5 amps/sq. in. of 
electrode surface, and such electrodes have an estimated 
useful life, based on 10 to 12 hours per day of operation, 
in excess of five years. 
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At these voltages the electrodes have operated success 

fully for long extended periods at current densities as high 
as 30 amps/sq. in. of electrode surface. Furthermore the 
electrodes have shown remarkable stability at potentials as 
high as 220 volts and current density of the order of 1 
amp/sq. in. of electrode surface. 

In the foregoing example it is to be understood that 
tantalum and platinum metal foils can be bonded to the 
reverse side of the electrode, if desired, by repeating the 
procedural steps described with the previously bonded 
surface bearing against the copper alloy bed. For many 
uses and adaptations of the electrodes, however, such 
coating of the reverse side of the electrode is unneces 
sary and would be uneconomical in view of the cost of 
the foil materials. 
The procedure as described in the foregoing example 

can readily be adopted to the bonding of substrate and 
foils of different thickness or different composition. In 
general the applied pressure and the kva. of current per 
linear inch should be increased as the thicknesses of the 
substrate and foils are increased, and decreased as these 
thicknesses are decreased. Alternatively, the amount of 
heat generated along the line of contact of the pressure 
roller with the assemblage can be increased or decreased 
by respectively slowing or increasing the rate of advance 
of the line of contact, while holding the applied cur 
rent constant. 

If the tantalum intermediate foil in the foregoing ex 
ample is replaced by the same thickness foil of the low 
er melting columbium the same operating conditions will 
nevertheless apply. On the other hand, if the titanium sub 
strate is replaced by the higher melting columbium some 
what higher current or slower advance of the line of con 
tact of the pressure roller is required to provide the same 
degree of softening of the substrate surface. 

Various changes and modifications in the three com 
ponent bonded electrodes and the method for producing 
the same as herein disclosed may occur to those skilled 
in the art, and to the extent that such changes and modi 
fications are embraced by the appended claims it is to 
be understood that they constitute part of the present in 
vention. 
We claim: 
1. A three component electrode having enhanced re 

sistance to voltage damage comprising a heavy substrate 
Selected from the group consisting of titanium and colum 
bium having thermoelectrically bonded thereto an inter 
mediate layer about .0003 to .01 inch thick of a metal 
selected from the group consisting of tantalum and co 
lumbium and higher melting than the metal of said sub 
strate, and an outer layer about .0003 to .005 inch thick 
of a platinum metal selected from the group consisting of 
platinum, rhodium, iridium, ruthenium and alloys there 
of, and having a melting point lower than the metal of 
said intermediate layer, the thermoelectric bonding of said 
metal layers to the substrate being effected under suffi 
cient thermoelectric heat and pressure to cause visible 
surface deformation of said substrate and intimate adher 
ence of said intermediate and outer layers to the thus 
deformed surface of the substrate. 

2. A three component electrode as defined in claim 
1 wherein the intermediate foil is about .001 to .0015 
inch thick and the platinum metal foil is about .0003 to 
.0006 inch thick. 

3. A three component electrode as defined in claim 1 
wherein the substrate is titanium and the intermediate 
layer is columbium. 

4. A three component electrode as defined in claim 1 
wherein the substrate is titanium and the intermediate lay 
er is tantalum. 

5. A three component electrode as defined in claim 1 
wherein the substrate is columbium and the intermediate 

75 

layer is tantalum. 
6. A three component electrode as defined in claim 1 

wherein the thermoelectric bonding is effected between 
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a massive electrode supporting said substrate and a con 
ductive roller electrode engaging said outer layer by ap 
plying a voltage below 10 volts at an amperage to pro 
vide at least 30 kva. per linear inch of conductive roller 
contact with the superimposed layers while applying a 
pressure of 600 to 3000 pounds per linear inch and ad 
vancing said line of contact at the rate of about 12 to 36 
inches per minute. 

7. A three component electrode as defined in claim 1 
wherein the thermoelectric bonding is effected between a 
massive electrode supporting said substrate and a conduc 
tive roller electrode engaging said outer layer by apply 
ing a voltage in the 0.5 to 5 volt range at an amperage to 
provide 40 to 100 kva. per linear inch of conductive roller 
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8 
pressure of about 840 to 1440 pounds per linear inch 
and advancing said line of contact at the rate of about 
12 to 36 inches per minute. 
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