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To all whom it may concern: 
Be it known that I, WILLIAM E. GREENA 

WALT, a citizen of the United States, resid 
ing in the city and county of Denver and 
State‘ of Colorado, have invented certain 
new and useful Improvements in Metallur 
gical Processes, of which the following is a 
speci?cation. 
My invention relates to electrolytic and 

?otation processes of treating ore of metals. 
It has for its moreimmediate object the 
treatment of mixed sul?d and oxid ores, 
especially of copper, although it is not in 
tended to limit it to any particular ore or 
to any particular combination of minerals 
in the ore. 

It is well known that oxidized ores of cop 
per are not ordinarily amenable to ?otation, 
and that it has been quite a problem to suc 
cessfully ?oat either oxidized ore, or sul?d 
ores containing some oxids. 
A common method of procedure in ?ota 

tion is, to add acid to the ore pulp: the acid 
so added is supposed to help ?oat the min 
eral, but- it‘ is too small in amount to exert 
any solvent action on the mineral content of 
the ore, and so far as known, none is claimed. 
In this ‘process it is intended to add suffi 
cient acid, say, to mixed sul?d and oxid 
ores of copper, to exert a solvent action on 
the oxids, and then electrolyze the resulting 
metal solution in such a way that the elec 
trolytically separated metal is ?oated, to 
gether with the sul?d minerals. - 
In describing the process more in detail, it 

may be assumed that the ore under treat 
ment is a mixed sul?d and oxid ore of cop 
per, which is quite common, and which oc 
curs in large deposits in the western part of 
the United States. The sul?d mineral is 
‘usually in the form of chalcocite and chal 
copyrite, and the oxid mineral usually in‘ 
the form of malachite, azurite, and mela 
conite. All the oxid and carbonate ores of 
copper are easily attacked by all mineral 
acids. Sulfuric acid, being the most 'com 
mon, will be supposed as being used in the 
present description. ' ‘ _, 

The ore, usually ?nely pulverized, is 
treated with a dilute solution of sulfuric 
acid. This attacks the oxids, and the cop 
per goes into solution as the sulfate. ‘The 
acid pulp, in which the sul?ds are_pract1 
cally unaffected and the oxids partially or 
totally converted into the sulfate, is agl 
tated with ?otation oils, and the mixture in 

troduced into an electrolytic cell in which it 
can be subjected to electrolysis and ?otation. 
The gas generated by the electrolysis will 
?oat the sul?ds as usual, and, by using a 
high current density in the electrolysis, a 
spongy, non-adherent ‘copper is deposited on 
the cathodes Which is ?oated, with the sul 
?ds, as rapidly as detached. 

In the electrolytic action, under the con 
ditions, the copper will be loosely deposited 
which is easily detached, acid will be re 
generated which will immediately dissolve, 
more copper, ferric salts are formed which 
are immediately reduced by the action of 
the minerals in the pulp, and gases such as 
‘oxygen and hydrogen are liberated which 
will ?oat, or materially assist in the ?ota 
tion of, both the mineral and the metal. 
Sponge copper, deposited with a high cur 

rent density, may ?oat without the assist 
ance of ordinary ?otation agents. This is 
probably due to occluded hydrogen. It is 
easily ?oated with the assistance of ?ota 
tion agents. 

'VVhile any suitable apparatus may be 
used, an apparatus, such 'as shown in dia 
grammatic section. in the accompanying 
drawing, will be found convenient for car 
rying out the process. 
In the drawing, 1 is a ?otation tank con 

taining electrodes 2 and 3, for electrolyzing 
the ore pulp. Suspended vertically within 
the tank is a' shaft 4:, at the upper end of 
which is attached a pulp distributor 6, and 
at the lower end an agitator 5. The shaft is 
rotated by the motor 7. 10 is a thickener, or 
separator, for separating the liquid from the 
solids after treatment. 13 is a pump to ele 
vate the liquid from the over?ow launder 
12 to the agitating tank 15. 17 is another 
thickener, for the ?nely ground ore pulp, 
by means of which the water used in grind 
ing is separated from the solids, and the 
water returned to the grinding mill 19, while 
the thickened solids ?ow into tank 15 for 
acid treatment and mixing of the ?otation 
agent. 

In operating the process, the thickened 
pulp from the mill 19. is ?owed into tank 15, 
where it is treated with acid and oil,'so that 
much of the soluble copper is brought into 
solution and the pulp mixed with the ?ota 
tion agent. The pulp then ?ows into the 
combined ?otation and electrolytic cell 1, 
distributed by the distributer 6. The elec 
tric current in the cell, which is preferably 
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of a high current density, loosely deposits 
the copper on the cathodes, while oxygen is 
liberated at the anodes. Sulfuric acid and 
ferric sulfate are also produced. Hydrogen 
may also be liberated at the cathodes. The 
liberated gases ?oat the sul?d minerals, as 
also the sponge copper deposited on the 
cathodes, as rapidly as it becomes detached. 
The acid and ferric salts regenerated in the 
pulp dissolve more copper, which is in turn 
deposited. The deleterious action of the 
ferric salts, so highly injurious in ordinary 
electrolys1s of impure copper solutions, is 

. overcome by both the high current density 
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and by the oXid and sulfld minerals in the 
pulp. The stirrer 5, acts to distribute the 
released gases of electrolysis and give them 
uniformity of action, and to loosen the de 
posited copper from the cathodes. It also 
serves to distribute extraneously introduced 
gases through the pipe 24, if such gases are 
desired. ‘ 

The pulp, now. having both the combined 
and elemental copper largely removed by 
?otation and electrolysis, is collected in the 
bottom of the ?otation and electrolytic tank, 
and through the outlet 9, ?ows with the re 
generated acid, into the separator 10, where 
the regenerated acid solution, containing 
also usually some copper in solution, is sep 
arated from the gangue. The regenerated 
acid solution, over?owing from the separa 
tor 10 into the launder 12, is elevated by 
means of the pump 13 and pipe line 14, into 
the tank 15,,where it is mixed with fresh 
pulp from the mill, and the cycle repeated, 
and thus the process goes on inde?nitely. 
The gangue, separated from most of the 
liquid used in the electrolysis and ?otation, 
?ows out of the separator 10, by the outlet 
11, over a gravity concentrator 22, where 
any of the mineral or electrolytically depos 
ited metal which was too heavy to ?oat, is 
separated from the gangue by gravity con 
centration, by any of the well known devices. 
The small amount of copper sulfate which 
escaped electrolysis and recovery in the sep 

_ arator 10, may be chemically precipitated if 
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found worth while. The flotation concen 
trate in the cell 1, over?ows into the launder 
21, and is removed as desired. 

It is usually desirable to crush wet: the 
ore may be crushed in the usual way with 
the usual amount of water, and then most of 
the water removed from the solids in the 
thickener 17, and returned to the mill 19 to 
pass through another cycle, while the thick 
ened pulp ?ows into the agitating tank 15 
for treatment. 
The pulp, treated with a ?otation agent 

and a solvent for the copper in tank 15, is 
distributed over the electrodes in the cell 1, 
and passes in a downward stream between 
the electrodes against the current of ascend 
ing gases liberated by the electrolytic action, 
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and in this way, both the mineral and elec 
trolytic metal may be effectively ?oated. The 
electrolytic gases, liberated in the pulp, are 
very e ective in ?otation, and the agitation 
of the electrolyte serves to distribute the in 
tensely ?ne bubbles uniformly through the 
pulp. The pulp, in passing between the elec 
trodes, comes in contact with the gases at 

70 

their highest e?iciency. Under the action of - 
this process, not vmuch gas is required. 

It is advisable to retain as much of the 
solution from the separator 10, as possible, 
in the circuit, for, this solution not only acts 
as a solvent for the copper, but also as a 
conductor of the electric current in the elec 
trolysis. ~ 
To the ?nely ground ore, in the agitator 

15, will usually be added enough water and 
regenerated acid solution to make an easy 
?owing pulp-much the same as in ordinary 
?otation work;v that is to say, an amount of 
water equal to about four to six times the 
weight of the ore. It is preferred to have 
the solution of the copper, in the agitator 15, 
go on continuously, and the rate of ?ow ar 
ranged so that about one-fourth of the cop 
per is brought into solution before entering 
the electrolyzer 1, so that the remainder of 
the soluble copper can be acted upon by 
the acid and ferric salts regenerated by the 
electrolytic action. The time of treatment 
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will depend almost entirely upon the nature ' 
of the ore and the strength of the acid. 
Usually, one hour will be sufficient time for 
acid treatment in the agitator 15, with a ?ve 
per cent. acid solution. The strengthof the 
acid. will depend largely on the amount of’ 
soluble copper in the ore, and will usually 
vary from two to ?ve per cent. Fresh acid 
may be added from time to time from the 
acid storage tank 25, as desired. The ?ota 
tion agent may be added to the agitator 15, 
from the ?otation agent tank 26, or, added 
afterward to the stream of pulp ?owing 
from the agitator to the electrolyzer. The 
nature and the amount of ?otation agent 
used, will depend on the nature of the ore, 
and will have to be determined much the 
same as in ordinary ?otation work. It will 
usually vary from one-fourth to several per‘ 
cent. of the weight of the dry ore. 
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The E. M. F. required will depend mostly . 
on the amount of copper in the solution, the 
acidity of the solution, its temperature, and 
very largely on the current density. The 
current density will usually vary from ?fty 
to one hundred ampheres per s uare foot; 
with such current densities the . M. F. re 
quired will usually vary from three to ?ve 
volts. ' The distance between the electrodes 
is about the same as in other copper deposi 
tion; that is to say, it will vary from one 
inch to two inches. 
The relative amounts of oxid and sul?d 

minerals will depend, ‘ practically, entirely 
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on the product from the mine. The limits 
will be determined mostly by economic con~ 
siderations. If the ore is hi h in oxid min 
erals and low in sul?ds, or, i the ore is com 
posed entirely of oxid minerals, it would 
probably be better to ?lter the solutions be 
fore electrolyzing, as in ordinary solvent 
processes: if, however, ?ltering is di?icult, 
and the purity of the deposited copper im 
material, there still might be an advantage 
in using the present method. Ordinarily, it 
will ?nd its best application in ores con 
taining most of the values in the form of 
sul?ds, and not su?icient oxids to warrant 
a separate solvent process. 
A little experimenting will be necessary 

for each individual case, to deposit the cop 
per in a non-adherent form on the cathode, 
so that the copper, as, it becames detached, 
can be ?oated from the liquid. In this way 
the cathodes never need stripping, or re 
moving, but are practically permanent until 
worn out. On the other hand, the copper so 
deposited and recovered, is very impure and 
needs additional re?ning, as compared with 

. the pure electrolytic metal obtainable by the 
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re ular electrolytic solvent processes. 
claim: 

1. A metallurgical process which consists 
in treating mixed sul?d and oxid ores of 
copper with a solvent for the oxidized cop 
per, applying a ?otation agent to the ore 
pulp, electrolyzing the ore pulp at a cur: 
rent density su?icientl high to give a loose 
deposit of copper, an ?oating the metallic‘ 
copper produced by the'electrolysis and the 
sul?d mineral with gases liberated by the‘ 
electrolytic action. 

2. A process which consists in treating 
mixed sul?d and oxid ores of copper with a 
solvent for the oxidized copper, applying a 
?otation agent to the ore pulp, electrolyzing 
the ore pulp at a current density su?iciently 
high to give a loose deposit of copper, and 
?oating the metallic copper and the sul?d 
mineral from an electrolyzed pulp. 

3. A metallurgical process which consists 
in treating ores of metals with a solvent for 
the metals, electrolyzing the resulting metal 
solutions in the presence of the g'angue to de 
posit the metal loosely upon the cathode and 
capable of being ?oated by the addition of 
?otation agents, and recovering the elec 
trolytically loosely deposited metal from the 
liquid by ?otation. - 

8 

4. A metallurgical process which consists 
in treating ores of metals with a solvent for 
the metals, electrolyzing the resulting metal 
solution to deposit the metal loosely upon 
the cathode and capable of being ?oated by 
?otation agents, and recovering the loosely 
electrolytically deposited metal from the 
liquid by ?otation. 

5. A metallurgical process which consists 
in treating mixed sul?d and oxid ores of 
metals with a solvent for the metals, apply 
ing a ?otation agent to the ore pulp, elec 
trolyzing the pulp, and ?oating the result 
ingl electrolytic metal with the sul?d min 
era . 

6. A metallurgical process which consists 
in treating mixed sul?d and oxid ores of 
metals with a solvent for the metals, elec- ' 
trolyzing the resulting metal solution to del 
posit the metal upon the cathode in a form 
capable of being detached during the elecé 
trolysis and capable of being ?oated by the 
addition of ?otation agents, and recovering 
the electrolytically deposited metal with the 
sul?d mineral contained in the ore by ?ota 
tion. 

7. A metallurgical process which consists 
in treating ores of metals with solventfor 
the metals, electrolyzing the resultin metal 
solution with a current density su ciently 
high to give a’ spongy deposit and capable of 
detaching itself from the cathode and capa 
ble of belng ?oated on the addition of ?ota 
tion agents, and recovering the metal so de 
posited by ?otation. 

8. A metallurgical process which consists 
_ in mixing ?nely ground ores of metals with 
asolvent for the metals and with a ?otation 
agent, electrolyzing the ore pulp, agitating 
the pulp, and passing the stream of pulp 
against the ascending gases liberated by the 
electrolytic action. ‘ 

9. A metallurgical process which consists 
in subjecting ores of metals to the action of 
an electric current in the presence of an acid 
solution to convert the metal constituents of 
the ore into the form of sponge metal capa 

. ble of being ?oated on'the addition of suit 
able ?otation agents, and recovering the re 
sulting 
metal from the li uid by ?otation. 

WILLI E. GREENAWALT. 
Witnesses: 

MARY H. BRooKs, 
‘ IRMA GREENAWALT. 
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