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57) ABSTRACT 
An improvement in the process for recovering copper 
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from its sulfide ores or concentrates thereof which 
comprises treating the ore with cupric chloride and/or 
ferric chloride to form a copper chloride electrolyte 
and a residue, electrolytically recovering copper from 
the electrolyte and further treating the residue with 
ferric chloride to solubilize substantially all of the cop 
per remaining therein for conversion to copper chlo 
ride electrolyte, with ferrous chloride from the elec 
trolyte being regenerated to ferric chloride for leach 
ing the residue, the improvement which comprises 
conducting the electrolysis without the conversion of 
any cuprous copper to cupric copper, using a separa 
tor between the anolyte and catholyte compartments 
of the electrolytic cell to prevent passage of ions of 
copper and iron between the catholyte and anolyte, 
continuously further treating the residue with regener 
ated ferric chloride of a concentration to insure there 
is no cuprous copper in the resulting solution and re 
generating ferric chloride from ferrous chloride in the 
solution free of cuprous chloride by passing the solu 
tion through the anolyte compartment of the electro 
lytic cell as copper is continuously being recovered at 
the cathode of the cell. 

10 Claims, 1 Drawing Figure 
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PROCESS FOR THE RECOVERY OF COPPER 
FROM TS SULFIDE ORIES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to hydrometallurgical pro 

cesses for recovering copper from its sulfide ores in 
which the sulfide sulfur is recovered as clemental sulfur 
so that the sulfur dioxide pollution problem character 
istic of pyrometallurgical processes is climinated. Par 
ticularly, the invention is related to those processes 
wherein the copper in copper sulfide is solubilized by 
treating the ore with cupric chloride and/or ferric chlo 
ride with the copper being recovered from the resulting 
copper chloride solution by electrolysis. The present 
process results in the recovery of high yields of com 
mercial grade copper with economic consumption of 
power in the electrolysis step due to an improvement 
by which no cuprous copper is converted to cupric cop 
per during clectrolysis and the anode of the cell is uti 
lized for the conversion of ferrous chloride from spent 
ferric chloride leach solution to ferric chloride for fur 
ther leaching while substantially all of the copper is 
heing continuously plated from the electrolyte. 

2. Prior Art 
As is well known, the main source for copper today 

is copper sulfide (res, principally, chalcopyrite. Con 
ventional pyrometallurgical processes by which the 
copper was formerly recovered from its sulfide ores are 
objectionable today because of the polluting effect of 
the sulfur dioxide produced by these processes. Ac 
cordingly, there is a great deal of activity in the copper 
industry to clevelop pollution-free processes for the re 
covery of copper from its sulfide ores. 
A large number of hydrometallurgical processes are 

heing developed in which the copper in its sulfide ores 
is solubilized by treatment of the ore with ferric chlo 
ride and for cupric chloride with the formation of ele 
mental sulfur followed by recovery of the copper from 
the resulting solution or electrolyte by electrolysis. The 
sulfur dioxide pollution problem is climinated in these 
processes in which the sulfide sulfur is converted to ele 
mental sulfur. 
The steps for solubilizing copper in chalcopyrite usu 

ally include the procedure of first reacting the raw ore 
with cupric chloride followed by further reaction of the 
resulting solution with a reducing agent such as metal 
lic copper to provide an electrolyte which is cssentially 
all cuprous chloride. The residue from the cupric chlo 
ride reaction step is then treated with ferric chloride to 
solubilize essentially all of the remaining copper. In 
order for these processes to be commercially feasible, 
they must be highly efficient in the consumption of 
electrical energy. regeneration of reagents, removal of 
impurities, recovery of other metals contained in the 
ore, and they must not generate undesirable amounts 
of sulfate ions with the consequent prohibitive con 
sumption of clectrical energy or reagents. 

It is well known that for the cconomic recovery of 
copper hy electrolysis the copper in the electrolyte 
must be in the cuprous form, it is also well known that 
the presence of ferric or cupric ions at the cathode 
where copper is being plated from cuprous chloride in 
terferes with the plating of the copper. An expeclient to 
keep these ions away from the cathocle is the use of a 
separator to prevent the circulation of electrolyte from 
cathode to unode as the plating is in progress. Another 
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cxpedient is to avoid the presence of ferric ions in the 
anolyte by leaving cnough cuprous copper in the elec 
trolyte for oxidation to cupric copper to prevent any 
oxidation of ferrous ion to ferric ion as the first oxida 
tion has precedence over the latter. This procedure 
eliminates ferric ions in the electrolyte which might 
travel to the cathode, but it also requires circulation of 
the electrolyte from cathode to anode or some other 
procedure to prevent cupric ions from coming in the 
vicinity of the cathode. An objection to the latter pro 
cedure is, of course, that large amounts of copper are 
being recirculated in a continuous process when only 
a portion of the copper entering the cell is being recov 
cred. 

In these procedures in which electrolysis is per 
formed on an electrolyte resulting from initially leach 
ing the copper sulfide ores with ferric chloride and/or 
cupric chloride, the ferrous chloride entering the cell 
in the electrolyte passes on through the cell unaffected 
and is conventionally oxidized to ferric chloride in the 
spent electrolyte and the resulting ferric chloride recir 
culated to leach chalcopyrite residue from the initial 
cupric chloride leaching step. Ordinarily, only one ef 
fective leaching can be performed with the recirculated 
ferric chloride without regeneration as it is substan 
tially reduced to ferrous chloride in the leaching of the 
chalcopyrite residue. An efficient means utilizing the 
electrolytic cell for regenerating the ferric chloride 
after leaching the chalcopyrite residue for further 
leaching of residue is desirous. In accordance with this 
invention a process is provided by which the anode of 
the electrolytic cell is used to regenerate spent ferric 
chloride from chalcopyrite residue leaching while cop 
per is being continuously recovered at the cathode in 
the absence of ferric and cupric ions. 
U.S. Pat. No. 333.85 discloses an electrolytic pro 

cess for the recovery of copper from ferric chloride 
leach solutions of copper sulfide ores in which ferric 
chloride is regenerated at the anode. However, this 
process is performed with cuprous ions in the presence 
of the anode and would obviously be inefficient to re 
generate ferric chloride because of the precedence of 
the oxidation of cuprous to cupric ions over the oxida 
tion of ferrous to ferric ions. Also, no procedure is pro 
vided for preventing cupric and ferric ions from con 
tacting the cathode of preventing the conversion of cu 
prous to cupric ions during the cell operation. 

U.S. Pat. No. 3,767,543 discloses the regeneration of 
ferric chloride from ferrous chloride at the anode as 
copper is being electrolytically recovered at the cath 
code from a ferric chloride leach solution of chalcopy 
rite. However, since cuprous ions are present in the an 
olyte an inefficient regeneration of ferric chloride will 
result. Further, no provision is made to prevent the 
conversion of cuprous to cupric ions. 

U.S. Put. Nos. 3,764,490 and 3,776.826 both disclose 
the conversion of cuprous to cupric copper at the 
anode and the processes of these patents are not con 
cerned with the regeneration of ferric chloride from 
ferrous chloride at all as ferric chloride is not used in 
leaching the copper sulfide ores, 
U.S. Pat. No. 3,785,944 discloses a process in which 

copper in chalcopyrite is initially solubilized by treat 
ment with cupric chloride and for ferric chloride with 
ferric chloride being used to treat residue from the ini 
tial treatment of the chalcopyrite ore concentrate. An 
clectrolyte is produced in a second reduction stage with 
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metallic copper in which essentially all of the copper is 
reduced to cuprous chloride and the iron reduced to 
ferrous chloride. The only regeneration of ferric chl 
ride is by oxidation of the ferrous chloride in the spent 
electrolyte, the resulting ferric chloride being used to 
oxidize chalcopyrite residue from the initial cupric 
chloride treatment of the chalcopyrite concentrate. 
The patent teaches against the formation of ferric chlo 
ride at the anode and to prevent this only a portion of 
copper is recovered from the cuprous chloride electro 
lyte with enough being left in solution for the express 
purpose of preventing the oxidation of ferrous to ferric 
chloride at the anode. Electrolyte is circulated from 
cathode to anode to prevent the cupric chloride being 
formed at the anode from contacting the cathode 
where copper is being plated from cuprous chloride 
electrolyte. The process does not provide for regenera 
tion of ferric chloride in the cell and is expressly li 
rected to the conversion of cuprous ions to cupric ions 
during clectrolysis. 
Accordingly, the principal object of this invention is 

to provide an improvement in the step for electrolyti 
cally recovering copper from cuprous chloride electro 
lyte produced by treatment of chalcopyrite ores with 
metal chlorides by which efficient utilization of the cell 
is obtained by using the anode to regenerate ferric 
chloride from spent ferric chloride leach solution while 
copper is being simultaneously plated at the cathode of 
the cell cuprous chloride electrolyte without the con 
version of cuprous ions to cupric ions. 

BRIEF SUMMARY OF THE INVENTION 

in accordance with the invention, finely ground chal 
copyrite ore concentrate is treated with cupric chloride 
in a first leaching step followed by separation of the so 
lution and chalcopyrite residue. The copper in the solu 
tion is further reduced with metallic copper or other 
reducing agent to provide an electrolyte in which the 
copper is essentially all in the cuprous form. The elec 
trolyte is subjected to electrolysis in an electrolytic cell 
in which the anode and cathode compartments are sep 
arated by a separator which prevents passage of ions of 
iron and copper from the cathode to anode. The spent 
clectrolyte goes to purification for recovery of the met 
als other than copper followed by electrolytic recovery 
of iron, with simultaneous regeneration of ferric chlo 
ride at the anode. An alternative procedure at this 
point is the removal of excess iron by hydrolysis with 
oxidation of ferrous chloride to ferric chloride for re 
circulation. The regenerated ferric chloride in both in 
stances is circulated to leaching and the spent ferric 
chloride leach solution is circulated through the anode 
of the cell as copper is being plated at the cathode for 
regeneration of ferric chloride for use in further leach 
ing. The result is that all of the copper can be recovered 
from the electrolyte without the conversion of cuprous 
to cupric ions with simultaneous use of the cathode for 
plating copper and the anode to regenerate ferrie chlo 
ride for multiple leachings with overall effective utiliza 
tion of electrical energy. 

BRIEF DESCRIPTION OF THE DRAWING 
The single drawing is a flow diagram of the process 

of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODMENTS 

Referring to the flow diagram, feed of chalcopyrite 
ore concentrate ground to an average particle size pref 
erably 90% - 200 mesh is subjected to a cupric chlo 
ride each in leach 1. The leaching solution may or may 
not contain ferric chloride. The reactions between 
chalcopyrite and ferric chloride and cupric chloride are 
as follows: 
4 FeCli -- CuFeS -> CuCi - 5 FeCl + 2S ( : 

3CuCl, + CuFeS -- 4CuC + FeCl, + 2S ) 

The solids are separated as chalcopyrite residue and 
the solution subjected to a reduction stage with recy 
cled copper from the electrolysis in which cupric chlo 
ride is reduced to cuprous chloride in accordance with 
the following reaction. 
Cu -- CuC - 2CuCl (3) 

The solution containing ferrous chloride and substan 
tially all of the copper as cuprous chloride is introduced 
into the cathode compartment of an electrolytic cell for 
recovery of copper. The ferrous chloride is not affected 
by the electrolysis and passes on through the cell in the 
spent electrolyte. 
The electrolytic cell is provided with a separator be 

tween the anode and cathode separating it into anolyte 
and catholyte compartments. The separator used pre 
vents ions of copper and iron from travelling from the 
cathode to the anode. The separator also prevents the 
direct flow of catholyte to anolyte or vice versa. An ex 
ample of a suitable membrane is a microporous poly 
propylene film sold under the trademark "CELGARD" 
by the Celanese Plastics Company, Newark, N.J. 
The electrolyte is about 2.5 molar in ferrous chloride 

at a pH of 0.5. A cell temperature of about 80°C is 
used. An anode current density of about 80-120 amps 
per sq. ft. and a cathode current density of about 
50-100 amps per sq. ft. are used. Some of the copper 
recovered at the cathode is recycled to the reduction 
stage for reducing cupric to cuprous chloride. These 
are preferred but not limiting process limitations. 

Sulfate ion is removed from the electrolyte after elec 
trolysis by precipitation with barium or calcium in the 
purification step. The elemental sulfur formed in leach 
1 is separated with the solids and is eventually removed 
in the tails from which it is recovered by a conventional 
procedure. 
As will be seen from the flow diagram, the chalcopy 

rite residue from leach 1 is subjected to two leaching 
steps, that is, each 2 and leach 3. This is done to insure 
that substantially all of the copper is removed from the 
chalcopyrite concentrate. Solution from leach 2 con 
taining some copper is continuously recirculated to 
leach 1. Leach 3 is performed with ferric chloride re 
sulting from oxidation of ferrous chloride in the spent 
electrolyte. The spent ferric chloride leach solution 
from leach 3 is not recirculate to each 1 but is passed 
through the uncle compartment of the cell for conver 
sion of the ferrous chloridc therein to ferric chloride. 
This solution entering the ancicle compartment is sub 
stantially depleted of ferric chloride which will have 
heen converted to ferrus chloride in the (xidation of 
the chalcopyrite residue from leach 2. he cuprous 
copper present is oxidized to cupric chloride before the 
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solution enters the anode. The chalcopyrite residue re 
ceived in leach 3 from leach 2 is heavily depleted in 
copper. The process is operated so that leach 3 will al 
ways be conducted with a substantial excess of ferric 
chloride so that all of the copper in the chalcopyrite 
will be completely solubilized and no copper will be 
lost in the tails. The reaction is preferably conducted at 
a temperature between l ()5- ) 1 ().C. 
The leach solution entering leach 3 from leach 2 with 

residue will contain some cuprous ions in addition to 
ferrous and cupric ions. However, as leach 3 is done 
with a substantial excess of ferric ion the following re 
action occurs: 
FeC1 + CuCi -> FeCls + CuCl, ( - ) 

The result is that the solution leaving leach 3 for the 
anode contains substantially all of the iron as ferrous 
iron with some little ferric iron, and all of the copper 
as cupric chloride with no cuprous chloride being pres 
ent. This is essential for the cconomical conversion of 
ferrous chloride to ferric chloride at the anode as the 
(nxidation of cuprous to cupric chloride takes prece 
dence over the oxidation of ferrous to ferric chloride 
and if any cuprous copper is present it will be oxidized 
to cupric chloride he fore any ferrous chloride will be 
oxidized to ferric chloricle and this will substantially di 
minish the efficiency of the cell in converting ferrous 
chloride to ferric chloride. 
As a precautionary measure, not more than about 

85% of the ferrous chloride is oxidized to ferric chlo 
ride at the anode because it is advisable to alway's main 
tain some ferrous chloride in the solution so that if the 
cell operation is upset at any time there will always be 
some ferrous ion it the anode for conversion of ferric 
ion to keep the cell from discharging oxygen or chlo 
rine. 

The solution leaving the anode for leach 2 preferably 
contiuins not more than about 85% ferric chloride, 5% 
ferrous chloricle and the remainder cupric chloride. 
This means that the solution is high in ferric chloride 
for effective leaching in leach 2 of the chalcopyrite res 
idue from the reduction step. Reactions l and 2 above 
occur in leach 2. The solution from leach 2, which is 
recirculated to leach 1, contains ferrous chloricle plus 
some cupric and cuprous ions. 

In leach 1 the solution containing ferrous, cuprous 
and some cupric ions is contacted with fresh feed so 
that reaction 2 a hove occurs. Thus most of the cupric 
ions are reduced to cuprous ions. However, chalcopy 
rite is insufficiently active to reduce all of the cupric 
ion present to cuprous ion so that the solution over 
flowing the first stage thickener contains ferrous plus 
cuprous ions plus some cupric ions. Since it is required 
that the cupric ions in the solution from leach 1 be at 
a minimum during electrolysis, the solution is con 
tacted with recycled copper powder to reduce the re 
maining cupric ions to cuprous ions in accordance with 
equation 3 above. The result is that the solution which 
becomes the electrolyte contains iron and copper ill 
most exclusively as ferrous and cuprous ions. 
At the cathocle, copper powder is plated in three 

stages. The copper from stage 1 is procluct copper and 
may be sold as such or further refined for sale. Copper 
further depleted from the electrolyte in electrolytic 
stages 2 and 3 may be recycled to the reduction stage 
for the reduction of cupric ion. The electrolyte de 
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pleted in copper is sent to the purification stage where 
sulfate ion is removed as explained above. 

In the purification stage, the last residue of copper 
and undesired impurities such as zinc, lead, arsenic, an 
timony, bismuth, etc., are removed from spent electro 
lyte which then proceeds either to iron plating or hy 
drolysis as shown in the flow diagram. 

If the solution is sent to iron plating, iron is plated at 
the cathode for sale. The iron plating cells are cquipped 
with the same separators as the copper plating cells 
thereby preventing the mixing of catholyte and anolyte 
and preventing migration of ferric ions from the ano 
lyte to the catholyte. The depleted (anion) catholyte 
goes to the anode of the iron cell where ferrous iron is 
oxidized to ferric iron which is circulated to leach 3. 

If the solution is sent to hydrolysis as an alternate 
procedure, the purified ferrous solution is treated with 
oxygen to regenerate ferric chloride and precipitate hy 
drated iron oxide in accordance with the following 
equation: 

3 FeC + ().75 O - 4 FeO + 2 FeCl (5 

The ferric chloride formed is then circulated to leach 
3. 

Based on the chemical reactions of the process set 
forth above and the use of the separator between ano 
lyte and catholyte it is apparent that there is no possi 
bility for the conversion of cuprous to cupric ions in the 
electrolytic cell. No cuprous ions from the catholyte 
reach the anolyte to be converted to cupric ions as the 
separator prevents the travel of cuprous ions from cath 
olyte to anolyte. In order to demonstrate that no cu 
prous ions are introduced into the anolyte from leach 
3, and to demonstrate the efficient conversion of fer 
rous ions from leach 3 to ferric ions with cconomical 
use of electrical power cluring cell operation, the fol 
lowing procedure was carried out using the flow sheet 
of the invention with the results given below being ob 
tained. All percentages are given as weight percent 
alges. 

LEACH 3 

Partially reacted chalcopyrite residue from leach 2 
gave the following analysis: 

Enent Weight '. 

F. 4. 
Cu 7. 

in (), (28 
Ph ().(){}}K 
S- 3.4.2 

Two hundred grams of the above residue entered 
Leach 3 where the solution from the cathode operation 
also entered after purification and regeneration. One 
liter of this purified solution which contained mainly 
ferric chloride in excess (118.2 g/l Fe') encountered 
the rected residue for a thorough leach. The teaching 
operation of Leach 3 was aimed at a complete deple 
tion of the copper in chalcopyrite to produce tails 
ready to be discarcled. The leaching was performed at 
1()6°C and at pH ().5. 

it was found that the system allowed no possibility of 
formation of cuprous ions, the solution leaving Leach 
3 having the following analysis: 
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F: F. Cu S 
42.5 gll 69.5 g/ () 13, 7 g/ l, 44 g/ 

Clear solution from Leach 3 with the above composi 
tion was fed to the cell anode during cell operation for 
anodic oxidation whereby the ferrous ions were con 
verted to additional ferric ions at the anode. 

The tails from Leach 3 ready for disposal were ana 
lyzed to contain the following: 

F: Cu S 
7.8 3. 54 

5 

The overall recovery of copper after Leach 3 is 
shown by the following metallurgical balance: 

2 
Copper in Cupper Cipher in % Copper 
F: Shii Tils leaching Recovery 
(). g. 1()3.52 g ().48 g 995. 

2 5 
Cell Anode Conversion 

The cell anode received from the thickener overflow 
of Leach 3 a clear solution with composition as indi 
cated above. The cell anode was operated at 120 am 
peres per square foot of graphite anode area. At total 
power input of 27 ampere-hours was used for the an 
odic oxidation of ferrous ion to ferric ion at 75°C. 

It was found that 54.9 grams of iron in ferric form 
was produced through anodic oxidation of ferrous iron. 
The rate of power consumption was 0.49 ampere-hours 
per gram of Fe" processed. This FIGURE compared 
with ().48 ampere-hours per gran Fe'" (Fe" to 
Fett") theoretical. The current efficiency for the pro 
cess was 98 percent. 40 
After completing the desired anodic reaction the so 

ution with the following composition was advanced to 
leach 2. 

3) 

3 5. 

F* * * F * * C u S. 
97.4 g/ 5.2 g/1 I3.7 g/ () 

As stated previously, it is preferred not to oxidize all of 
the ferrous ion to ferric ion in the cell operation. 5) 

LEACH 2 

Leach 2 received the anode processed solution hav 
ing the above composition from the cell anode. Par 
tially reacted chalcopyrite containing 26.4% Fe. 18.8% 
Cu and 6.88. S from Leach entered Leach 2. The 
leaching operation was conducted at 80°-90°C and at 
pH ().5. This leach consumed the available ferric ion in 
the node processed solution leaving it heavily copper 
depleted chalcopyrite to be proceeded to Lelch 3 with 

5 5 

a composition as follows: 

C'. S. 
f 7 ... (5 

The leach liquor from Leach 2 was ilclvancel to 
Leach as an overflow from thickener 2. 

8 

EACH 

The fresh feed of chalcopyrite with head assay of: 

F. Cu t S 
6. fa if: 3. 2 836 

was contacted with leach liquor from Leach 2, through 
thickener 2 which contained essentially ferrous, cu 
prous and some cupric ions with the following analysis: 

* * * F* * u Cu 
120 g/1 | 1.5 g/ 28.2 g/ 

The leach was conducted at 80°C and at ph O.5. This 
leach produced the partially reacted chalcopyrite 
which entered Leach 2 with the composition indicated 
earlier (see Leach 2 for the partially reacted chalcopy 
rite analysis). As shown in the flow sheet, the leach li 
quor was filtered and advanced to the cathode opera 
tion whereby the solution contacted recycled copper 
powder from the cathode during the reduction process 
to reduce cupric to cuprous copper. As a result the so 
lution entered the cathode as catholyte bearing mainly 
ferrous and cuprus ions. 
From the above data it is seen that the process of the 

flow sheet operates with no cuprous ions heing con 
verted to cupric ions in the cell operation anc with the 
use of the anode of the cell to convert ferrous chloride 
in spent ferric chloricle leach solution to ferric chloride, 
with economical consumption of electrical power is 
copper is being plated at the cathode. 
The process is not restricted to any particular num 

ber of electrolysis of leach stages, as more or less than 
the three stages of each used for illustrating the inven 
tion can be utilized. The spent ferric chloride from any 
leaching stage can be sent to the anolyte for regenera 
tion so long as all of the copper in it is in the cuprous 
stage. Each of the letching stages may contain any 
number of letching steps. 
From the above description of the invention, it will 

be noted that the advantage provided is that the cell 
anode can be used for regeneration of ferric chloride 
while copper is being simultaneously plated at the cath 
ode. The advantage of this is that the ferric chloride re 
generated in the spent electrolyte can he used for a 
number of oxidation steps with regeneration to insure 
complete removal of copper from the chalcopyrite con 
centrate, the additional oxidation steps being possible 
because of regeneration of the ferric chloride hetween 
steps in the anode of the cell. It is obvious that this is 
much more economical than using oxygen in separate 
oxidation steps for continued oxidation of the spent fer 
ric chloride leach solution from leach 3 to regenerate 
ferric chloride. 
Although the invention has been disclosed with the 

use of cupric chloricle alone in Leach 1, it includes the 
use of ferric chloride. Other reductants than metallic 
copper can he used to reduce the cupric chloride to cu 
prous chloride in the recluction stage. Any excess Sul 
fate ins generated in the electrolysis process can be 
removed from the spent electrolyte by precipitation 
with barium or calcium. The process can be conducted 
with multiple stages of cells and may be conducted 
hatch {}r continuous. 
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While the invention has been illustrated by its appli 
cation to chalcopyrite. a common copper sulficle min 
eral, it is equally applicable to other copper sulfide 
minerals, such as, covellite and chalcocite. 
What is claimed is: 
1. A process for the recovery of copper fron copper 

sulfide ores and their concentrates connprising: 
a. leaching the ore or concentrate feed with a mate 

rial comprising cupric chloride in a first leaching 
stage with separation of the solids from the result 
ing solution and sending the solids to a second 
leaching stage; 

b. reducing substantially all of the copper chloride 
content of the solution from said first leaching 
stage to cuprous chloride; 

c. recovering copper from the solution of step (b) by 
subjecting the solution to electrolysis in the cath 
ocle compartment of an electrolytic cell having an 
anode and a cathode and a separator there between 
to keep ions of copper and iron from travelling 
from the cathode to the anode, with the ferrous 
chloride ions in the cathode unaffected by the elec 
trolysis; 

d. leaching the solids from said first leaching stage 
with materials comprising ferric chloride and cu 
pric chloride with separation of the solids and spent 
leach solution and sending the latter to said, first 
teaching stage and the solids to a third leaching 
Stage, 

e. oxidizing the ferrous chloride in the spent catho 
lyte from said electrolysis to ferric chloride and 
sending the ferric chloride to said third leaching 
stage to leach the solids from said second leaching 
stage followed by separation of the resulting solids 
and spent leach solution, and 

f. introducing the spent leach solution of step (e) 
containing ferrous, ferric and cupric chlorides into 
the anode compartment of said cell to oxidize said 
ferrous chloride to ferric chlorile with the cupric 
chloricle being unaffected by the electrolysis, and 
transferring said electrolytically oxidized solution 
to said sccond leaching stage; whereby the electro 
lytic cell is operated without the conversion of any 
cuprus ions to cupric ions. 

2. The process of claim 1 in which the solution from 

1) 

2 5 

3) 

35 

() 

35 

5) 

55 

fy) 

(5 

O 
said second leach is returned to le:lch ( 1). 

3. The process of claim 1 performed as a continuous 
process, 

4. The process of claim 1 performed in multiple steps 
and stages. 

5. The process of claim 1 in which in step (b) the re 
duction is performed with metallic copper. 

6. The process of claim 1 in which the leaching mate 
rials in step (a) include ferric chloride. 

7. The process of claim 1 in which in step (f) up to 
about 85% of the ferrous chloride is oxidized to ferric 
chloride. 

8. In the process for recovering copper from copper 
sulfide ores or their concentrates in which the ore or 
concentrate is leached with cupric chloride and/or fer 
ric chloride, the resulting solution and residue sepa 
rated, substantially all of the copper chloride in the so 
lution reduced to cuprous chloride, the resulting cu 
prous chloride solution electrolyzed to recover copper, 
and the ferrous chloride in the spent electrolyte oxi 
dized to ferric chloride which is recycled for leaching 
at least part of the chalcopyrite residue, the improve 
ment which comprises: conducting said electrolysis in 
an electrolytic cell having an anode and a cathode di 
vided by a separator to keep ions of copper and iron 
from travelling from the cathode to the anode, to re 
cover substantially all of the copper in solution at the 
cathode without the formation of cupric copper in the 
cell. 

9. The improved process of claim 8 including solubi 
lizing at least a part of the copper in said residue with 
said recycled ferric chloride to produce cupric chloride 
and ferrous chloride in solution, introducing said latter 
solution into the anode compartment of said electro 
lytic cell to oxidize the ferrous chloride therein to ferric 
chloride as metallic copper is being simultaneously re 
covered at the cathode and using the ferric chloride re 
generated by the electrolytic oxidation of ferrous chlo 
ride in the anocle to leach additional chalcopyrite resi 
due. 

10. The improved process of claim 9 in which up to 
about 85% of the ferrous chloride in solution is con 
verted to ferric chloride in the anode compartment. 
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