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To all whom it may concern. 
Be it known that II, FRANK L. ANTISELL, 

a citizea of the United States, and a resi 
dent of Perth Amboy, county of Middlesex, 
State of New Jersey, have invented certain. 
new and useful Improvements in Apparas 
for Electrolytic. Deposition, of which the 
following is a specification. 
This invention relates to anodes for plat 

ing out metals from solutions, for instance, 
copper that has been dissolved in excess of 
that piated out at the cathode of an elec 
trolytic copper refinery vat, or that which 
has been leached out of its ore. 
The objects of the invention will appear 

from the following description. 
It is well known that when metal, copper 

for example, is plated from a sulfate solu 
20 

25 

tion with an insoluble anode, say of chemi 
cal or antimonial lead, a current of from 2 
to 2 volts is necessary and at the same time 
the ampere efficiency of the cell is low. 
That is to say, the amount deposited will be 
less than the theoretical amount in propor 
tion to the metals in the solution that form 
as two or more sulfates. For instance, 
where iron is present as ferrous sulfate 
when it comes under the influence of the 
anode, it is oxidized to ferric sulfate, and 
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being free to circulate between the elec 
trodes, in course of time it comes under the 
influence of the cathode and is reduced back 
to ferrous sulfate, thus consuming some of 
the energy of the current in useless work 
besides tending to produce an inferior de 
posit. This loss of energy is increased with 
an increase of circulation and of temper 
ature, both of which are desirable features 
of plating. 
The voltage of a tank using an insoluble 

anode, lead for example, after being 
the anode. In addition to this there is to 
be considered the ohmic resistance of the 
lead oxid that forms rapidly on the anode. 
In practice about volt is required to over 
come this ohmic resistance when operating 
at current density of about 16 amperes per 
square foot. In addition to these resistances 
there are other resistances, such as across 
the electrolyte, bus-bar contacts and metal 
circuit resistances, but these need not be 
considered here as they are approximately 
the same as or possibly a little greater than 
in my present invention. 
I have discovered that the voltage of 1.20 

in 
service a short time is about 1.20 volts at . 
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is not a necessary characteristic of an anode 
when used in cupric sulfate solutions, and 
by constructing an anode according to my 
invention I am able to deposit copper or 
other metal from a solution at various volt 
ages depending upon the current density of 
the cell. The counter electromotive force 
of mv anode is about .35 of a volt, at which plating begins. At 5 amperes per square 
foot the voltage increases to about .85 of a 
volt, and at 10 amperes to 1.30 of a volt, 
while the ampere efficiency is maintained 
at practically 100 per cent. With this 
knowledge. I am able to construct an appa 
ratus that will deposit copper or other 
metal at a certain rate with a potential for 
example, of 1 volt. The economy of my 
construction is apparent when it is consid 
ered that the usual voltage of an insoluble 
ànode is about 2.25 volts or 225 per cent. 
greater than when using the anode forming 
the subject-matter of my invention. Fur 
thermore, there is an additional saving in 
the use of my invention due to the ampere 
efficiency maintained. Where a relatively 
Small portion of copper is plated from a 
solution when using an insoluble anode, it 
has been considered good practice to obtain 
an ampere efficiency of between 80 and 85 
per cent., which represents a charge to be 
added for liberating copper from solution 
as above stated, which makes the cost by 
the present practice about 275 per cent. more 
than is the case when my invention is used. 
There are other advantages to be consid 

ered. For example, in the commercial elec 
trolytic refining of copper as heretofore 
practised, about one-sixth of 1 per cent. of 
the amount of copper deposited on the cath 
ode is present in the slimes as metallic col 
loidal copper due to a certain proportion 
of the copper dissolving in a cuprous state 
which in turn splits up into finely divided 
copper and sulfuric acid. This copper in 
the slimes is very expensive to remove. By 
the use of my invention and especially when 
my anode is fitted with a porous diaphragm, 
the solution which passes through the anode 
oxidizes any iron that may be in the solu 
tion, which may be from one-half to 1 per 
cent. This solution is then turned back into 
the cathode compartment and the ferric sul 
fate thus formed combines readily with the 
copper during the phase just described 
forming copper sulfate and ferrous sulfate. 
Of course, it is evident that only a small 

63 

35 

8. 

SO 

95 

EOC 

O 

  

  



0. 

5 

20 

25 

30 

85 

40 

45 

2 

amount of ferric sulfate is present and the 
solution may be maintained so that the fer 
ric sulfate, which acts as a powerful oxi 
dizer of copper in hot solutions, will not in 
crease the corrosion of the electrodes. 
In the prior practice as just referred to, 

at 2.25 volts per cell and 80 per cent. effi 
ciency, about .92 of a pound of copper is 
produced per kw. hour, while by the use of 
my invention at 1 volt and 100 per cent. 
efficiency, 2.58 pounçjs of copper are pro 
duced per kw. hour. 
There are two general systems in use in 

the art of recovering copper or other metals 
from solution. One is depositing copper 
out of the solution to a point where about 
80 per cent. ampere efficiency may be main 
tained and the treated solution is conducted 
to a tank where. the remaining copper is 
precipitated by iron or other reagents, some 
of the original impurities being precipitated 
with the cement copper. This operation has 
the disadvantage of necessitating the usual 
reagent, iron, to be cast into the form of 
plates that will hang more or less vertically 
in the tank; otherwise, a very large propor 
tion of the impurities in the original solu 
tion will be precipitated with the cement 
copper. There is also an acid and by 
product metal loss to be considered. This 
system can also be operated for recovering 
the by-products in the solution, but is com 
plicated. Both operations are expensive 
and unsatisfactory and return a large 
amount of the impurities to the solution. 
The conditions must be favorable for a sys 
tem which will recover by-products advan tageously. 
The other system is one where the copper 

is crystallized out of the solution as copper 
sulfate. 
The advantages of my invention are, first, 

that it greatly decreases the voltage over 
that required by the insoluble anode now in 
use which is generally a sheet of chemical or 
antimonial lead. Second, when my anode is 
fitted with a porous diaphragm the current 
efficiency is increased as the diaphragm sepa 
rates to a greater or less degree the analyte 
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and cathalyte, limiting thereby the reaction 
at the anode where ferric sulfate is formed, 
which is again reduced to ferrous sulfate at 
the cathode, thus consuming a great amount 
of electrical energy in useless work. By 
this device copper can be plated from solu 
ties, say for instance, iron, that would other 
Wise so contaminate a solution as to make it commercially prohibitive to use as an elec 
trolyte owing to the low ampere efficiency due 
to the oxidization of the iron at the anode 
and its reduction at the cathode. In fact, I 
can Successfully treat solutions containing as 
high as 50 grams of iron per liter when 
using the diaphragm type of my invention. 
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Third, if I use a depolarizer such as H.S.O. 
a further increase in usefulness is possible 
and at the same time sulfuric acid is ob 
tained as a by-product, or the apparatus 
may be used for oxidizing other solutions, 70 
for instance ferrous sulfate to ferric sulfate . 
or the like, and I also increase the capacity 
of the system and further reduce the voltage. 
Fourth, the apparatus may be cheaply con 
structed and easily operated and all the 75 
parts are accessible. Other advantages will 
appear from the hereinafter description. 
ity invention is fully set forth in the fol 

lowing description taken in connection with 
the accompanying drawing which illustrates 
one embodiment of my invention, in which: 

Figure 1 is a top plan view of a tank with 
one embodiment of my anode in place 
therein. - - 

Fig. 2 is a cross section on line 2 of Fig. 1. 
Fig. 3 is a cross section on line 3 of Fig. 2. 
Fig. 4 is a cross sectional view on an en 

larged scale on line 4 of Fig. 5. 
Fig. 5 is a side view of the container form 

ing part of my anode. 1 . 
On the drawing the part marked 20 repre 

sents a tank of suitable construction and 
material for containing a solution. 21 is a 
pipe through which the solution is supplied 
to the tank, and 22 and 23 are outlet pipes, 95 
The bottom of the tank is provided with an 
opening 24, fitted with a bushing 25. Se 
cured to the top of the tank are supports 26, 
made of suitable material, on which rest con 
ducting rods 27, which are connected to- 100 
gether at one end by the cross conducting 
rod 28, which may be integral therewith, 
and to which is connected a conducting wire 
29. Suspended from each of the rods 27 is 
a cathode sheet 30. Supported inside the 105 
tank 20 and between the cathode sheets 30 
is a receptacle or container 31, formed with 
a closed bottom 32, closed ends 33 and open 
sides 34, the latter being provided with a 
series of spaced ribs or bars 35. 36 repre- 110 
sents sheets of rotary cut wood veneeror other 
suitable material which rest against the in 
ner surface of the sides 34 and form porous 
Walls or diaphragms for the container. To 
the bottom of the container is connected an 115 
outlet pipe 37, which extends through the 
opening 24 in the bottom of the tank 20 
and around which fits the bushing 25, ta 
make a Water tight joint. The inner end 
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...of this pipe is covered by a screen or net- 120 tions, containing large amounts of impuriting 38. 40 are rods of graphite or other 
suitable conducting material which extend 
into the container. The outer ends of these 
rods are connected to a conducting rod 41, 
to which is connected the conducting wire 125 
42. Within the container and surrounding the rods 40 are particles of carbon (prefer 
ably gas house) or other suitable conducting 
material 43. The screen 38 covering the end 
of the Outlet pipe 37 prevents the escape of 130 
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these carbon particles, and the rods of ribs 
35 in the sides of the container assist in 
supporting the veneer diaphragms and pre 
vent them from bulging out when the con 
tainer is filled with the carbon particles. 
The receptacle or container with the con 
ducting rods and the particles of carbon 
illustrates my preferred form of anode. 44 
is a pipe which extends over the container 
and through which solution is supplied to 
the container. 
In operation the valves in the outlet pipes 

22 and 23 are closed and the valve in the 
pipe 21 is open so that the tank 20 can be 
filled with a solution containing copper or 
other metal to be recovered. When the tank 
is filled with this solution the valve in the 
outlet pipe 22 is open and the solution cir: 
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culates in the tank, around the container 81 
and out through the pipe. 22. The valve 
in the outlet pipe 37 is also closed, and an 
other or a similar solution is supplied to the 
container through the pipe 44, and when the 
container is filled with this solution the valve 
in the pipe 37 is open and the solution cir 
culates through the loose particles of car 
bon contained in the receptacle, and passes 
out through the pipe 37. An electric cur: 
rent from a suitable source is supplied 
through the conducting wire 42, through 
the connecting rod 41, through the rods 40, 
which energizes the particles of carbon 48 
within the container 31, passes through the 
solution or anolyte within the container, 
through the walls or diaphragms 86, then 
through the solution or catholyte in the 
tank 20, through the cathode sheets 30 to 
the conducting wires 27 and 28 and through 
the conducting wire 29 back to the source 
of supply. During this operation the cur 
rent will continually deposit the metal out 
of the cathalyte, which is being continu 
ously, supplied to the tank 20, onto the 
cathode sheets 30. By energizing the par 
ticles of carbon or other suitable conduct 
ing material in the manner described I am 
able to reduce the voltage due to several rea 
sons. One is that the numerous rough and 
jagged points, cells and pores of the carbon 
present an area with such a low surface ten 
sion that the oxygen particles are liberated 
mechanically, thereby reducing the resist 
ance between the terminals of the anode and 
cathode. Another reason is that the surface 
of the anode is greatly increased, thereby 
facilitating the liberation of the oxygen gas. 
By the use of the veneer diaphragm which 
separates more or less the anolyte and catho 
lyte, any ferrous iron in the solution will 
act as a depolarizer, and I am enabled to 
perform many important chemical changes 
that are useful in the art of metallurgy. 

In some instances it is not necessary to 
separate the solutions in the container and 
in the tank. In that case the veneer dia 

phragm 36 may be substituted by a metal of 
other suitable perforated plate or sheet 
which permits the solution in the container 
to pass directly into the tank and will also 
permit the passage of the electric current 
but retains or holds the particles of carbon 
or other suitable conducting material within 
the container. In fact, in a simple form of 
my device the particles of carbon or other 
suitable material may be held in a screen or 
netting with the rods 40 projecting there 
in, and in fact, the said rods themselves may 
be made of cellular sticks of carbon or other 
suitable material to form the anode. 
When a perforated member for holding 

the particles of carbon or other conducting 
material in position is used, the valves in 
the pipes 21 and 37 are closed so as to cut 

0. 

75 

SEG 

off the supply of solution to the tank and . 
prevent the escape of the solution from the 
container 31. To permit the escape the 
valves in pipes 22 and 23 are open. The so: 
lution being supplied through the pipe 44 
instead of passing out through the pipe 87, 
passes through the perforated members of 
the container or anode and out through the 
pipes 22 and 23. During this operation a 
much higher anodic efficiency is obtained. 
It is well known that the ordinary anodic 
efficiency is very low when depolarizing with 
SO, gas, a not unusual figure being five 
or six per cent. When using the veneer dia 

si phragm this efficiency is raised tÒ about 65 
per cent, and when using the perforated 
diaphragm it is increased to about 80 per 
cent. with a consequent decrease in voltage. 
By the use of my improved anode, espe 

cially when using the veneer diaphragm, I 
am able to obtain a good deposition of 
copper from a solution when the copper 
in the solution is as low as per cent, and 
at the same time increase the acid contents 
of the solution by the use of HSO, as a 
depolarizer and circulating the same through 
the anode. The treated solution can then 
be sent to the iron tank where the remain 
ing copper (except the last traces thereof 
and the impurities held to a very large ex 
tent in the solution) will be precipitated, 
the resulting iron sulfate being discarded. 

It is sometimes desirable to conduct the 
electrolyte from the anode compartment in 
which case the iron in the solution is oxi 
dized. Another operation which may be 
desirable is to conduct the electrolyte, from 
the cathode compartment in which case the 
iron in the solution is reduced. In each op 
eration it is evident what valves in the pipes 
are to be operated. 
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Having now described my invention, what-125 
I claim as new and desire to secure by Let. 
ters Patent is: 

1. An anode consisting of a container open 
at its top for the passage of particles of con 
ducting material, and also for the solution, 280 



, a bottom for supporting the particles of con 
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d?cting material, but permitting the pas 
Sag? of the solution, closed ends and open 
sides, rotary cut veneer diaphragms forming 
the walls of the container, 'conducting rods 
extending into the container and fragments 
of conducting material within the container 
and surrounding the conducting rods and 
neans for causing a circulation of the solu 
tion through the anode. - 

2. An anode consisting of a container hav 
ing an opening in its top for the passage of 
particles of conducting material, and also 
for the solution, a bottom for supporting the 
particles of conducting material, but permit 
ting the passage of the solution, closed ends and open sides, porous diaphragms covering 
said open sides, conducting members extend 

20 
ing into the container to form a wet contact, 
and particles of conducting material in 
closed within said container and surround 
ing said conducting members, means for caus 
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ing 
anode. 

3. An anode consisting of a container 
formed with a bottom constructed to support 
the conducting material, but to permit the 

g a circulation of the solution through the 

passage of the Solution, closed ends and open 
sides, diaphragms of veneer covering said 
sides, conducting members, extending into 
the container to form a wet contact, and 
fragments of conducting material within the 
container and surrounding said conducting 
members, means for causing a circulation of 
the solution through the anode. 

4. An anode consisting of a container open 
at one end for the passage of the frag 
ments of conducting material and the so 
lution formed with a bottom construct 
ed to support the fragments of conduct 
ing material and permit the circulation of 
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solution therethrough, closed ends and 
open sides, supporting rods connected to 
said sides, sheets of veneer within the con 
tainer and supported by the sides and said 
rods, a conducting member extending into 
the container to form a wet contact, and 
fragments of conducting material within 
the container and surrounding said conduct 
ing member, means for causing a circulation 
of the solution through the anode. 

5. An apparatus of the class described, a 
tank, means for supplying a solution to said 
tank, means for permitting the solution to 
Copies of this patent may be obtained for 
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pass out of said tank, conducting member's 
connected to said tank, cathode sheets sus 
pended from said conducting members and 
into the tank, an open ended receptacle be 
tween the cathode sheets, conducting mem 
bers extending into the receptacle to form a 
wet contact, fragments of conducting mate rial in said receptacle and surrounding the 
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conducting members, and means for supply 
ing a solution to the receptacle, means for 
causing a circulation of the solution through 
the anode. · • 

6. An apparatus of the class described, a 
tank, means for supplying a solution to the 
tank, means for permitting the solution to 
pass out of the tank, cathode sheets sus 
pended in the tank, a container within the 
tank between the cathodes, said container be 
ing formed with porous walls, an inlet and 
an outlet for said container, means for Sup 
plying a solution to the container, an elec 
trical conducting member or members ex 
tending into the container to forma vet con 
tact, and fragments of conducting material 
within the container and surrounding the 
conducting member or members, means for 
causing the circulation of the solution through the anode. 

7. An apparatus of the class described, a 
tank, means for supplying a solution to said 
tank, means for permitting the solution to 
flow out of said tank, the bottom of the 
tank being provided with an opening, con 
ducting rods supported by said tank, cathode 
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sheets suspended in the tank from said con 
ducting rods, a receptacle within the tank, 
means for supplying a solution to the re 
ceptacle, an outlet pipe connected to the re 
ceptacle and extending through the opening 

90 

in the bottom of the tank to permit the cir 
culation of the solution through the recep 
tacle, sheets, of veneer forming porous walls 
or diaphragms of the receptacle, a conduct 
ing member or members extending into the 
receptacle, and particles of conducting ma 
terial in the receptacle and surrounding said 
conducting member or members. 
In witness whereof I have hereunto set my 

hand at the city, county, and State of New 
York, this 29th day of October, 1913. 

FRANK L. ANTISELL. 
In presence of - - 

JoFIN J. RANAGAN, 
IsABEL R. RICHARDs. 

five cents each, by addressing the “Commissioner of Patents, 
Washington, D.C.' 
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