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(57) ABSTRACT 
A process for preparing a cathode assembly comprising 
forming a hanger assembly by inserting an electrically 
conductive metal hanger core having a curved cross 
section into a metal tube jacket having a rectangular 
cross section such that the sides of the metal tube are 
displaced outward by the outer surface of the hanger 
core, effecting good electrical contact between the 
hanger core and the metal tube jacket. One edge of a 
metal sheet is rigidly attached to the metal tube jacket 
along its length, perpendicular to the tangent of the 
outer surface of the metal tube jacket. The cathode 
assembly produced according to this process has utility 
in a wide variety of electrolytic manufacturing pro 
cesses, especially in the electrolytic refining of copper. 

1 Claim, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 

- enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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CATHODE MANUFACTURNG PROCESS 

BACKGROUND OF THE INVENTION 

The present invention relates to electrode assemblies 
for use in electrolytic cells. More particularly, the in 
vention relates to electrode assemblies for use as cath 
odes in the electrolytic refining or electrowinning of 
metals, such as copper, or in the manufacture of chlo 
rates, perchlorates, manganese dioxide, hydrogen, fluo 
rine, or permanganate. 

In the electrolytic refining of copper, impure copper 
which is formed into slabs directly from the crude metal 
as it is obtained from copper ore is utilized. These slabs 
are used as the anode in an electrolytic cell. Often, a 
sheet of pure copper is used as the cathode, but stainless 
steel may also be used. The electrolyte is generally a 
dilute solution of a salt of Cu2+. As electricity passes 
through the cell, copper is oxidized to Cu2+ at the 
impure copper anode, and Cu2+ is reduced to metallic 
copper at the pure copper or stainless steel cathode, 
which may be coated with a thin layer of graphite so 
that the fresh copper deposit can be easily removed. As 
the impure metal slab anode dissolves, any metals that 
are harder to oxidize than copper will not dissolve, but 
will drop into a sludge in the bottom of the cell, from 
which they can be recovered. Metals that are easier to 
oxidize than copper will dissolve into the electrolyte, 
but will not plate out at the cathode. Copper produced 
by this method generally has a purity of about 99.95 
percent. 
The use of a pure copper sheet as the cathode has a 

number of disadvantages. Exposure of portions of the 
copper plate to air in the vicinity of the electrolyte can 
result in corrosion of the copper sheet. Moreover, the 
copper sheet must be supported above the electrolyte, 
and must be connected to a voltage source. Both of 
these functions are typically carried out by suspending 
the sheet below a hanger bar. When the hanger bar is 
made of copper, a high electrical conductivity is ob 
tained, and the copper plate is easily attached to the 
hanger bar. However, the copper hanger assembly is 
susceptible to corrosion, and has a relatively low tensile 
strength. As the process proceeds, the cathode sheet 
grows heavier, while at the same time the tensile 
strength of the copper in the hanger bar may decrease 
due to heating and softening of the copper. 

Coating or jacketing the copper hanger bar with a 
corrosion resistant metal, such as stainless steel, presents 
a number of other difficulties. Attachment of the copper 
sheet to the jacketing metal in a way that provides 
sufficient support for the sheet and sufficient electrical 
contact between the sheet and the coating or jacketing 
is often difficult. Moreover, preparing the coated or 
jacketed hanger assembly is difficult and expensive, and 
existing methods may allow electrolyte to leak inside 
the jacket, corroding the inner copper bar, or may result 
in unacceptably high contact resistance between the 
inner core and the metal jacket. This is of particular 
concern where the jacketing metal has an electrical 
conductivity lower than that of the core metal. 

U.S. Pat. No. 4,647,358 to Bartsch et al. discloses a 
cathode in FIGS. 4, 6, and 7 that comprises a plate 1 
welded to a sheath 2 tightly surrounding a hollow cop 
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per bar 3. The plate and the sheath may be formed of 65 
stainless steel. The oval shape of the copper bar and 
sheath shown in FIG. 4 results from deforming a copper 
bar and sheath of circular cross section, as shown in 

2 
FIG. 3. Reference characters 5, 6, and 7 in FIG. 4 iden 
tify welds. 

U.S. Pat. No. 4,871,436 to den Hartog discloses a 
hanger bar for an electrode. As shown in the drawings, 
an electrode plate 6 is suspended from a hanger bar 1 
formed from a copper sheath 8 drawn over steel and 
copper core elements 9 and 10, respectively. In the 
finished hanger bar, copper core elements are located at 
the ends of the hanger bar, and the steel core element is 
disposed between them. 

U.S. Pat. No. 4,882,027, to Borst et al., discloses an 
electrode, shown in FIGS. 1-3, made up of stainless 
steel plate 16 with lugs 18, 20 at its top edge welded to 
copper cladding 14 about steel or iron bar 12. 

U.S. Pat. No. 3,260,662, to Henegar, discloses an 
anode designed for use in an electrolytic alkali-chlorine 
cell. As shown in FIG. 1, the lead-in 21A of a brass pipe 
is pressed into the thick-wall portion 12A of a titanium 
sleeve embedded in graphite anode 14A. 

U.S. Pat. No. 2,434,731, to Eltz, U.S. Pat. No. 
3,515,661, to Coulter et al., and U.S. Pat. No. 4,606,804, 
to Schulke et al., disclose further examples of plate-type 
electrodes designed for use in electrolytic cells. 

SUMMARY OF THE INVENTION 

The present invention is directed to an electrode 
assembly comprising (a) a hanger core comprising an 
electrically conductive metal and having two opposed 
ends, an outer surface, and a curved cross section; (b) a 
metal tube coaxial with said hanger core and having 
two opposed ends, an inner surface, an outer surface, 
and a cross section comprising a rectangle with out 
wardly curved sides, wherein at least a portion of said 
outer surface of said hanger core is in contact with at 
least a portion of said inner surface of said metal tube, 
and wherein said ends of said hanger core protrude 
beyond said ends of said metal tube; and (c) a metal 
sheet having one edge attached to said outer surface of 
said metal tube along the length of said metal tube, and 
perpendicular to the tangent of said outer surface at the 
point of attachment. 
The present invention is also directed to a process for 

producing an electrode assembly comprising: (a) form 
ing a hanger assembly by inserting a hanger core of an 
electrically conductive metal having two opposed ends, 
an outer surface, and a curved cross section, into a metal 
tube having two opposed ends, an inner surface, an 
outer surface, and a rectangular cross section, until said 
opposed ends of said hanger core protrude beyond said 
opposed ends of said metal tube, wherein the outer 
surface of said hanger core displaces the sides of said 
rectangular cross section of said tube outward, effecting 
good electrical contact between said outer surface of 
said core and said inner surface of said tube; and (b) 
attaching one edge of a metal sheet to said outer surface 
of said metal tube along the length of said metal tube, 
and perpendicular to the tangent of said outer surface at 
the point of attachment. 

It is an object of the present invention to provide a 
metal sheet electrode assembly having a jacketed 
hanger assembly for use in electrolytic refining or in the 
electrowinning of metals, and having superior tensile 
strength, as well as superior electrical conductivity, 
resistance to corrosion, and low contact resistance. 

It is a further object of the present invention to pro 
vide a simple, inexpensive process for the manufacture 
of said cathode assembly, using readily obtainable mate 
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rials, which results in a substantial cost savings over 
prior art processes. 
BRIEF DESCRIPTION OF THE ORAWINGS 

The present invention will become more fully under 
stood from the detailed description given herein below 
and the accompanying drawings which are given by 
way of illustration only, and thus, are not limitative of 
the present invention, and wherein: 
FIG. 1 is an overall view of a cathode assembly of the 

present invention. 
FIG. 2 is a longitudinal cross section through the 

cathode assembly according to FIG. 1. 
FIG. 3 is a longitudinal cross section through the 

cathode assembly according to FIG. 1 on an enlarged 
scale. 

DETALED DESCRIPTION OF THE 
NVENTION 

The hanger core of the present invention preferably 
comprises a core having a round cross section. Also 
preferred is a hanger core that is solid. Copper is pre 
ferred as the electrically conductive hanger core metal. 
The metal tube of the present invention preferably 

has a square cross section. Preferred are metal tubes 
made of steel, most preferably stainless steel. 
The metal sheet of the present invention is preferably 

a steel sheet. Most preferred are sheets made of stainless 
steel. 
The embodiments described herein are not intended 

to limit the invention, and changes can be made thereto 
without departing from the spirit and scope of the in 
vention. For example, a hanger core having an elliptical 
cross section and a metal tube jacket having a rectangu 
lar cross section can be used, such that when the hanger 
core is pressed into the metal tube, the sides of the metal 
tube are displaced outward. The present invention can 
thus be used with a wide variety of solid or hollow core 
elements and with a variety of metal tube jackets, so 
long as the curved outer surface of said core element 
displaces outward the outer surface of said metal tube 
jacket, effecting good electrical contact between said 
outer surface of said core element, and the inner surface 
of said metal tube jacket. 

Moreover, the present invention has a wide applica 
bility in electrolytic refining and manufacturing. Exam 
ples include the manufacture of chlorates by the elec 
trolysis of brines; the electrolysis of concentrated chlo 
rate solutions to yield perchlorates; the electrolytic 
deposition of very pure manganese dioxide using, e.g., a 
titanium anode produced according to the present in 
vention; the electrolysis of water to provide a hydrogen 
feedstock for ammonia synthesis; the electrolysis of 
potassium fluoride to provide fluorine; or the oxidation 
of potassium manganate to form potassium permanga 
nate. In addition to copper, the present invention can be 
used to electrolytically refine a number of metals, in 
cluding zinc, chromium, nickel, cadmium, or cobalt. 

FIG. 1 illustrates an electrode assembly in accor 
dance with the present invention. The electrode assem 
bly of FIG. 1 comprises a metal sheet 1 attached by one 
edge to a hanger bar assembly 2. Said hanger bar assen 
bly comprises a hanger core 3 inside a metal tube jacket 
4, said metal tube jacket 4 having a cross section con 
prising a rectangle with outwardly curved sides. The 
outer surface of said hanger core 3 is in good electrical 
contact with the inner surface of said metal tube jacket 
4. The ends 5 of said hanger core 3 protrude beyond the 
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4. 
ends 6 of said metal tube jacket 4 and allow connection 
to a voltage source. In FIG. said metal sheet 1 is rigidly 
attached to the outer surface of said metal tube jacket 4 
by a continuous weld 7 along both sides of one edge of 
said metal sheet 1. 
FIG. 2 illustrates a longitudinal cross section of the 

electrode assembly of FIG. 1, and FIG. 3 illustrates an 
enlarged view of FIG. 2. 

FIG. 3 shows said outwardly curved sides 8 of said 
metal tube jacket 4. In the curved portion of said out 
wardly curved sides 8, said outer surface 9 of said 
hanger core 3 makes good electrical contact with said 
inner surface 10 of said metal tube jacket 4. 
The present invention is further illustrated by the 

following non-limiting Example. 
EXAMPLE 

A square tube of 31.6L stainless steel tubing, meeting 
ASTM (American Society for Testing and Materials) 
standards as specified by ASTM A240-89b, and measur 
ing inch (+/-0.01) inside dimension and 1 inch 
(+/-0.01 inch) outside dimension and measuring 3 
feet, 1 inch (+/- 1/32 inch) in length is placed in a jig. 
A solid copper bar of electrical grade quality and 

meeting ASTM standards as specified by ASTM B2-88, 
and measuring inch (+/-0.01) in diameter, and 4 feet 
4 inches (+/- 1/32 inch) in length, and having a 
inch bevel on each end, is pressed through said tube by 
a hydraulic ram using approximately 3000 psi of pres 
sure. The stainless steel tube is centered on the copper 
bar, which extends 7 inches (--/-) on each end of 
the tube. The entire hanger bar assembly formation is 
done at ambient temperature, and takes approximately 
10 seconds, measured from when the materials are 
placed in the jig. 
A sheet of 316L stainless steel, meeting ASTM thick 

ness of 10 or 11 gauge, a width of 3 feet, and a length of 
4 feet to 4 feet, 6 inches, is welded to the hanger bar 
assembly using a wire feed welding machine utilizing 
(metal Inert Gas) technology. The welding wire used is 
316L stainless steel wire on a continuous feed spool, 
measuring 0.035 inches in diameter and meeting the 
wire quality standard designated by ASME (American 
Society of Mechanical Engineers) SFA 5.9. The weld 
ing gas used is a mixture of 90% helium, 7.5% argon, 
and 2.5% carbon dioxide. The welding current is oper 
ated at approximately 90 amps at 18 volts DC. A contin 
uous weld is used on both sides of the sheet for its entire 
width. 
The welds are visually inspected for continuity dur 

ing manufacture, and the voltage drop between the 
copper bar and the stainless steel sheet is measured after 
the cathode assembly is placed in service. A less than 1 
millivolt drop between the copper bar and the stainless 
steel sheet is required. 
The invention being thus described, it will be obvious 

that the same may be varied in many ways. Such varia 
tions are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifica 
tions as would be obvious to one skilled in the art are 
intended to be included within the scope of the follow 
ing claims. 
What is claimed is: 
1. A process for preparing a cathode assembly con 

sisting of: 
(a) forming a hanger assembly by (1) placing a square 

tube of 316L stainless steel tubing, meeting ASTM 
standards specified by ASTM A240-89L, and hav 
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ing an inside dimension of h0.1 inch and an out 
side dimension of 10.01 inch and a length of 3 
feet, 1 inch 1/32 inch, in a jig; (2) pressing a solid 
copper bar of electrical grade quality, meeting 
ASTM standards as specified by ASTMB2-88, and 
measuring 1 +/-0.01 inch in diameter, and 4 feet 
4k inches +/- 1/32 inch in length, and having a 
inch bevel on each end, through said tube with a 
hydraulic ram using approximately 3000 psi of 
pressure, until said stainless steel tube is centered 
on said copper bar, which extends 7 inches 
(+/-) on each end of the tube; and 
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6 
(b) welding a sheet of 316L stainless steel, meeting 
ASTM standards as specified by ASTM A240-89b, 
having a thickness of 10 or 11 gauge, a width of 3 
feet, and a length of 4 feet to 4 feet, 6 inches, to the 
hanger bar assembly with a wire feed welding 
machine using a welding wire of 316L stainless 
steel wire on a continuous feed spool, measuring 
0.035 inches in diameter, and meeting the wire 
quality standard designated by ASME SFA 5.9, 
and using a welding gas which is a mixture of 90% 
helium, 7.5% argon, and 2.5% carbon dioxide. 


