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UNITED STATES PATENT OFFICE 
2,549,678. 

METHOD OF AND APPARATUS FOR ELEC 
TROFORMENG METAL ARTICLES 

Ronald M. Fiandt, Elkhart, End, assignor to C. G. 
Conn, Ltd., Elkhart, Ind., a corporation of In 
diana, 

Application August 23, 1946, Serial No. 692,606 
7 Claims. (C. 204-9) 

This invention relates to method of and ap 
paratus for electroforming metal articles and 
more Specifically to the electroforming of copper 
horn bells. 
One of the objects of the invention is to pro 

vide a method of and apparatus for electroform 
ing metal articles quickly and efficiently with a 
minimum of Surface finishing required after 
forming. . . . 
Another object is to provide a method of and 

apparatus for electroforming metal articles in 
which the electrolyte is enriched outside of the 
depositing tank and is constantly circulated 
through the depositing tank. 

Still another object is to provide a method of 
and apparatus for electroforming metal articles 
in which the circulating, electrolyte causes the 
Cathode to turn in the solution. 

Still another object is to provide a method of 
and apparatus for electroforming copper articles 
in which the copper content of the electrolyte is 
replenished by alternately submerging copper 
particles in the electrolyte and then exposing 
them to air. 
A further object is to provide a cathode for 

electroforming which is made of smooth stainless 
. Steel. 

cient since metal will deposit on but not adhere 
readily to it and since it produces a desirable 
Surface finish on the formed article, 
The above and other objects and advantages 

of the invention will be apparent from the foll 
lowing description when read in connection with 
the accompanying drawings, in which-- 

Figure i is a diagrammatic plan view of ap 
paratus embodying the invention; 

Figure 2 is a diagrammatic side elevation; and 
Figure 3 is a transverse section through a de 

positing tank on the line 3-3 of Figure 1. 
The invention is illustrated and will be de 

scribed in connection with the electroforming of 
acpher horn bells, although it will be apparent 
as the description proceeds that various of the 
features are applicable to the formation of other 
articles and to the depositing of metals other 
than copper. 

In forming copper horn bells according to the 
invention, copper particles such as trimmings 
and like copper Scrap, are placed in a corrosion 
tank G which may conveniently be located in a 
pit i? as shown. The bottom of the tank 0 is 
connected through a valved pipe to the inlet of 
a pump 2 whose outlet pipe 3 discharges into 
a receiving tank is above the pit... The tank 
is connected at its bottom to two valved discharge 

A cathode of this character is highly effi 
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2 
pipes 5 and 6 discharging respectively into the 
tank and a storage tank . The tank 7 is 
connected, as shown, to the inlet of the pump 2. 
The apparatus as so far described is used to 

corrode the copper to form a copper sulphate 
Solution from which copper can be deposited. 
For this purpose a sulfuric acid solution is poured 
over the copper particles in the tank 9. After 
remaining in this tank for a short time, the Solu 
tion is pumped by pump 2 into the receiving tank 
f4, allowing air to enter to open top of the tank 
8 to contact the copper particles. This causes 

a film of copper oxide to form on the particle sur 
faces which can be dissolved, forming copper sul 
fate, by returning the solution to the tank ) 
from the tank f4 through the pipe 5. By re 
peating this process a copper sulphate Solution 
of the desired strength can be built up quickly 
and efficiently with a minimum of apparatus. 
The solution so formed may be stored in tank 4 
or storage tank 7 until it is to be used. 
The actual electroforming is accomplished, ac 

cording to the invention, in one or more Separate 
depositing tanks 8. The enriched Solution is 
pumped from the tank 4 by a pump 9 upwardly 
through a filter 2 and through a pipe 22 into 
the depositing tanks. If desired the solution may 
be circulated through the filter Several times by 
returning it from the filter to the tank 3 through 
a valved return pipe 23. In this way the de 
positing tanks are supplied with a clear enriched 
solution free from suspended solids which might 
cause irregularities in the deposit. 
The depositing tanks 8 as best seen in Figure 

3 may be lined with a material inert to the elec 
trolyte and may contain coils, for either heating 
or cooling, to keep the solution at the desired 
temperature. Each tank f8 may contain a series 
of anodes and cathodes for simultaneously elec 
troforming a plurality of articles, the cathodes 
as shown at 25 being elongated and tapered to 
conform to the shape of a horn bell. 
According to one of the features of the inven 

tion, the cathodes. 25 are made of stainless steel 
and have their surfaces Smooth and polished. I 
have found that copper will readily deposit on a 
cathode of this type but can easily be stripped 
from it and will have a smooth regular Surface. 

Each cathode 25 has mounted around it an 
annular anode 26 of inert material such as lead. 
In the preferred arrangement shown in Figure 3 
the cathodes are mounted vertically with their 
large ends at the top. The anodes flare down 
Ward with their, minimum diameter tops fitting 
closely around the bell portions of the anodes. 
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This arrangement insures proper and even de 
position of metal on the Cathode. 
During the depositing operation the Solution 

is constantly circulated through the depositing 
tanks. For this purpose an outlet pipe 2 eX 
tends longitudinally through the lower part of 
each tank and is perforated throughout its length 
as shown at 28. The pipe 27 connects to the 
inlet of a pump 29 which discharges into a mani 
fold 3 lying beside the tank. Adjacent each 
cathode the manifold connects to a discharge 
pipe 32 extending into the tank and terminating 
in an upwardly turned end directly below the 
cathode. With the pump 29 running, solution 
will constantly be withdrawn through the pipe 
27 and returned through the pipes 32 to flow 
tipward around the cathodes and through the 
annular spaces between the cathodes and anodes, 
This enables the copper to be deposited rapidly 
and uniformly. 

Unifornity of deposit is further increased by 
iotating the cathodes. To this end each cathode 
is supported by a vertical shaft 33 journaled in a 
bearing 34 at the top of the tank. Each shaft, 33 
carries an annular set of vanes 35 adjacent the 
top of the cathode to receive solution discharging 
between the cathode and the anode. The vanes 
35 may be set at the required angle to cause the 
cathode to rotate at a desired rate in response 
to circulation of the solution. 
When a horn bell is formed to the desired 

thickness on a cathode, the cathode may be re 
noved from the tank and the bell stripped there 
froml. The cathode may then be returned to 
the tank for another forming operation. When 
the solution in a tank becomes depleted it may 
be returned to the tank through a valved 
return pipe 36 connected to the pipe 27 and 
freshly enriched solution may be pumped into 
the depositing tank from the tank 4. It will be 
Seen that one corroding apparatus may serve sev 
eral depositing tanks and that the depositing 
tanks may be kept in substantially continuous 
operation except for the time required to drain 
depleted solution therefrom and pump fresh solu 
tion thereto. 
While the invention has been described in con 

nection. With one specific application, it will be 
apparent that many of its features are applicable 
to the formation of different articles from differ 
ent metals. It is therefore not intended to limit 
the Scope of the invention to the exact application 
shown and described nor otherwise than by the 
terms of the appended claims. 
What is claimed is: 
1. Apparatus for electroforming horn bells or 

the like comprising a depositing tank to contain 
an electrolyte having a solution of the metal to 
be deposited, an elongated cathode of a material 
to which metal does not readily adhere extending 
Vertically into the central part of the tank and 
tapering from its upper end to a minimum diam 
eter at its bottom, an annular anode of inert ma 
terial around and Spaced from the cathode and 
flaring from a minimum diameter at its upper 
end to a maximum diameter at its lower end, a 
Solution inlet pipe discharging upwardly adja 
cent the lower end of the cathode, means for 
maintaining a constant circulation of solution 
from the inlet pipe for passage between the cath 
Ode and anode for the entrance end defined by 
the largest spaced relation between the cathode 
and anode to the outlet end defined by the least 
Spaced relation therebetween, means supporting 
the cathode for rotation about a vertical axis, 
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4. 
and angularly disposed vanes attached to the 
supporting means just beyond the outlet end 
Within the tank to rotate the cathode in response 
to reaction with the circulating electrolyte. 

2. In a method for electroforming copper arti 
cles, the steps of Successively exposing copper 
metal particles to oxidizing conditions for form 
ing the respective oxides of copper and then dis 
Solving the oxides in spent electrolyte solution 
to replenish the ion copper concentration there 
in, and then conducting the replenished electro 
lyte to an electrolytic cell containing an anode 
and a cathode Submerged therein under operat 
ing conditions, said cathode being formed of a 
material to which electrodeposited copper is non 
adherent, passing electrical current from the 
anode through the electrolyte to the cathode to 
deposit copper on the cathode, and stripping the 
deposit when formed to the desired shape from 
the cathode. 

3. Apparatus for electroforming copper horn 
bells for musical instruments comprising an elec 
trolytic cell to receive electrolyte containing cop 
per in solution, a cathode conforming to the 
contour of the horn bell extending vertically into 
the central part of the cell with the flared-out 
beli portion uppermost and With minimum diam 
eter in the lowermost region, an anode of inert 
imaterial concentrically Spaced about the Cathode 
and tapering from a minimum diameter at the 
top to a maximum diameter at the base, means 
for circulating electrolyte between the anode and 
cathode whereby maximum flow occurs in the 
region of the flared-out end portion of the 
cathode. 

4. Apparatus for electroforming copper horn 
bells for musical instruments comprising an elec 
trolytic cell to receive electrolyte containing cop 
per in Solution, a cathode conforming to the shape 
of the horn to be formed and a conically shaped 
anode of inert material arranged concentrically 
in Spaced relation with the cathode but with the 
taper of the anode being inverse to the taper of 
the cathode whereby the maximum spaced rela 
tion exists in the region of smallest diameter of 
the horn and the least spaced relation is in the 
region of the flared-out bell portion of the horn, 
and means for directing the circulation of the 
electrolyte substantially in an axial direction be 
tWeen the anode and cathode whereby most rapid 
flow occurs in the region having the least spaced 
relation between the Cathode and anode. 

5. Apparatus for electroforming copper horn 
bells for musical instruments comprising an elec 
trolytic cell to receive electrolyte containing cop 
per in Solution, a cathode conforming to the shape 
of the horn to be formed and a conically shaped 
anode of inert material arranged concentrically 
in Spaced relation with the cathode but with the 
taper of the anode being inverse to the taper of 
the cathode whereby the maximum spaced rela 
tion exists in the region of smallest diameter of 
the horn and the least spaced relation is in the 
region of the flared-out bell portion of the horn, 
neans for directing the circulation between the 
anode and Cathode whereby rapid flow occurs in 
the region of the flared-out bell portion of the 
Cathode, means Supporting the cathode for rota 
tion about a vertical axis, and vanes within the 
cell attached to the supporting means adjacent 
the region of the flared-out end portion of the 
horn Said Vanes being angularly disposed to ro 
tate the cathode in response to fluid flow of the 
electrolyte as it emerges from the region between 
the anode and cathode. 
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6. In a method for electroforming copper horn within the anode, and passing electrical current 
bells for musical instruments, the steps of Con- from the anode through the electrolyte to the 
tinuously circulating an acidulous electrolyte cathode to effect copper deposition. 
containing copper ion in solution through an 
electrolytic cell having a cathode that conforms 
to the contour of the horn bell and an anode 
arranged concentrically about the cathode in 
spaced relation with the taper of the anode being 
in the opposite direction than the taper of the 

ing the least spaced relation between the cathode 
and anode, Whereby maximum fluid flow of the 
electrolyte occurs in the region of the flared out 
bell portion, constantly rotating the cathode 
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