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The object of the process is to combine the 
hydrometallurgy of copper with the pyro 
metallurgy in such a way as to produce an 
economical treatment for copper ores at the 
mines, which is capable of being operated 
either in Small or in iarge units as occasion 
may require, with the production of the cop 
per as the electrolytic metal. if there are 
precious meals associated with the copper, 
these may also be recovered in elemental form. 

Copper Ores, as mined, are usually concen 
trated to eliminate barren material, or 
gangue. The concentrate is then usually 
Smelted to matte, the matte biown to blister 

5 copper, and the blister copper is then refined 
to obtain the electrolytic metal. Or, the con 
centrate may be roasted, teached with sul 
phulic acid, and the copper deposited elec 
trolytically to obtain the electrolytic metal. 

0 The concentrate may be obtained from the 
original ore either by gravity or flotation 
concentration, and the concentrate will usu 
aliy vary from 15% to 25% copper, depend 
ing on the nature of the ore, but principally 

25 on the mineralogical combinations in which 
the copper occurs. 

if the concentrate is Smelted, roasting is 
usually necessary, and usually considerable 
filizing is required to slag off gangue mate 
rial associated with a low grade concentrate, 
and the gangue material also requires, fuel 
for Shetting. By Smelting a relatively low 
grade concentrate, a relatively large plant is 
Fequired, relatively large amounts of fuel 

$3 and flux must be provided, and the labor 
item is high; all of which means increased 
expense. 

if the concentrate is treated by roasting, 
eaching, and electrolysis, the copper can be 
converted directly into the electrolytic metal, 
but the roasting of a concentrate containing 
freign i5% to 25% copper, presents some dit 
fictities, both of the extraction of the cop 
per and the fouling of the acid leach solu 

45 tions. Much progress has been made in 
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roasting high grade copper ore or concen 
tl’ate to get a high extraction of the copper, 
and the fouling of solutions is not necessarily 
harmful, and may be beneficial, as set forth 
for example in my Patent No. 1483,056, Feb. 50 
5, 1924, nevertheless, if a treatment can be 
evolved which largely overcomes the difficul 
ties mentioned, as in the present process, a 
considerabie advantage would result at 
least under many conditions. 55 

in describing the process reference may 
be made to the accompanying drawing, 
which is a flow sheet of the process in dia grammatic plan. 
Most mines, or mining districts, produce (so 

large amounts of low grade copper ore, usual 
ly in the form of Sulphide, or as the sul 
phide and oxide (including carbonate) 
mixed. In either case the general method of 
procedure is to separate the Sulphide mineral 65 
from the gangue to form a concentrate. This 
concentrate is usually of relatively low 
grade, as compared with the theoretical per 
centage of copper in the mineralogical com 
bination of the copper minerals, and is so to 
contaminated with iron, silica, alumina, etc., 
that vigorous fluxing is required for good 
Smelting conditions, and this makes a Smelt 
ing process expensive to install and expen 
sive to operate in most mining districts. 
Where power is cheap and fuel is costly, elec 
tric Simelting would appear to present some 
advantages, but the complications arising 
from the fluxing of large quantities of ma 
terial and the large amount of electricity so 
required to smelt a relatively low grade ore 
or concentrate, has led to failure or disap 
pointment wherever it has been tried. 

In the concentration treatment of mine 
ore, either by gravity or flotation, a certain s5 
amount of very high grade concentrate may 
be separated from the large amount of the 
ordinary sulphide concentrate, but the rela 
tively small amount of very high grade con 
centrate will contain a relatively large 90 
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amount of the total copper. Usually this 
relatively small portion of high grade con 
centrate will be in the form of the relatively 
pure linerals, chalcocite, borinite, and chal 
copyrite. Pure chalcocite contains 79.8% 
copper and 20.2% sulphur; pure bornite con 
tains 55.58% copper, 28.6% sulphur, and 
16.36% iron; pure chalcopyrite contains: 
34.6% copper, 34.9% sulphur, and 30.5% 
O. 
The conditions of concentration can best 

be illustrated by taking a specific case in the 
treatinent of 100 tons of ore assaying 1.5%, 
or 30 pounds, of coppei' per ton, or contain 
ing a total of 3000 pounds of copper. If the 
ratio of concentration is 10 into 1. We would 
have, as the 'esult of the concentration treat 
ment: 

90 tons tailing, 0.25% copper (5 lbs.).---------------- 450 Ibs. total 
10 tons concentrate, 2.75% copper (255 lbs.)-------- 2,550 lbs. total 

The ten to:25 of concentrate may be sepa 
rated into : 
1.5 tons high grade concentrate, 50% copper (1,000 lbs.) 1,500 lbs. total 
8.5 tons low grade concentrate, 6.2% copper (124 lbs.)- 1,050 lbs. total 

Or, preferably, into the following: 
1.0 tons high grade concentrate, 60% copper (1,200 lbs.)- 1,200 lbs. total 
9.0 tons low grade concentrate, 7.5% copper (250 lbs.) -- 1,350 lbs. totai 

There should not be a great deal of difii 
cuity under most conditions in getting a 50% 
or a 60% copper concentrate in relatively 
small amounts as indicated, if much of the 
copper in the ore is in the form of either 
borinite or chalcocite. The 60% copper con 
centrate is preferred and will be assumed 
for the purpose of illustration, altho it will 
be understood that the process is not par 
ticularly limited to the percentage of copper 
in the high grade concentrate, but that the 
higher the grade of the high grade concein 
trate, the better the process can be operated. 

If there is gold or silver in the ore, the 
high grade concentrate will contain the pre 
cious metals in about the same proportion as it 
contains the copper from the original ore. 
That is to say, of the total precious metal 
content in the concentrate, 47.5% will be in 
the one ton of 60% copper concentrate, and 
52.5% will be in the 9.0 tons of 7.5% copper 
concentiate. 
Having made the separation of the minerai 

from the gangue and divided the minei'a 
into a relatively small amount of high grade 
concentrate and a relatively large amount of 
ow grade concentrate, the method of pro 
cedure is as follows: 
The high grade concentrate, assumed as 

consisting of 60% copper with its combined 
sulphur and a small amount of iron with its 
combined sulphur, is preferably smelted in 
an electric furnace, to dissociate or volatilize 
the sulphur and to slag off the relatively 
small amount of iron, so as to obtain, nearly as possible, pure copper sulphide. 
The first atom of sulphur of the iron of the 
concentrate is easily volatilized. The Sul 
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phur of the resulting matte which is coni 
bined with the iron, and with the copper as 
cupric sulphide, CuS, is easily volatilized at 
a comparatively low temperature, but it re 
quires a high temperature-practically a 
white heat-to volatilize the sulphur from 
cuprous sulphide, Cu.S. It is usually pre 
ferred therefore to maintain the temperature 
of the electric furnace such that the sulphur 
of the iron Sulphide and the cupric sulphide 
are quickly volatilized while avoiding the 
higher temperature necessary for the com 
plete dissociation of the currous sulphide. 
The extent of the reduction of the cuprous 
Sulphide may vary to suit the operator to 
get the greatest ultimate economy. There is 
no definite end point in the process, but the 
object would be to get all or nearly all of the 
copper in the condition of cuprous sulphide, 
aid if circumstances indicate greater econo 
iny by continuing the reduction so as to cb 
tail a portion of the copper in elemental 
form, that may also be done, as will be de 
scribed later. For the present it may be as:- 
sumed that the copper after being treated in 
the electric furnace is in the form of practi 
cally pure copper sulphide-principally as 
cuprous Sulphide. The charge in the elec 
tric furnace is treated so as to slag off or 
eliminate the iron as completely as practical. 
The volatilized sulphur can be condensed 

and recovered as the elemental sulphur, and 
the elemental sulphur will usually be an 
asset in the operation. 
On account of the high grade of the con 

centrate charged into the furnace, its easy 
fusibility, and the relatively low tempera 
ture necessary to volatilize sulphur and slig 
off inpurities, the cost of smelting will he 
very low, per charge, and still relatively 
smaller, per pound of copper produced. The 
power, or electric energy required to smelt 
such material is quite within good ecoil omy 
at ordinary prices for electricity, and where 
power is cheap, the economy will be marked. 

If the charge is smelted to cuprous Sulpide. 
a ton of the original charge will be concein 
trated into Cu.S. weighing about 1500 
pounds, as a result of the elimination of the 
iron and most of the sulphur. This relatively 
pure copper sulphide is then ground to a 
suitable fineness and roasted. The resulting 
copper oxide is then eached with acid, pref. 
erably with dilute sulphuric acid, and to 
copper is then deposited from the resulting 
pure copper sulphate solution as the very 
pure electrolytic metal. 
One of the principal points in this connec 

tion is, that by eliminating the iron by cheap 
smelting of the high grade concentrate. no 
ferrites or ferrates are formed in roa?ting. 
and hence the extraction or solution of the 
copper from the resulting copper oxide can 
be made complete or practically so. The one 
outstanding difficulty in the treatment of 
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copper ores or concentrates by roasting, 
leaching, and electrolysis, has been the for 
mation of ferrites and ferrates in roasting, 
which makes it difficult, if not at times in 
practical, to get the high extraction nec 
essary or desired in the treatment of high 
grade copper concentrate. By the method 
of procedure of this process, the extraction 
of the copper, as also the precious metals, 
'On high grade copper concentrate can be 

made practically complete, and the difficulty 
incident to the formation of ferrites and 
ferrates, in roasting, is confined to the iow 
grade concentrate, and will not usually be large. 
Another outstanding point of interest is, 

that with the elimination of the iron fro: 
the high grade concentrate, electrolytic diffi 
culties, due to the presence of iron in the elec 
trolyte, are entirely avoided, or practically 
So, and this makes possible high efficiencies 
and Smooth operation in the deposition of 
the copper. It also nakes possible easy strip 
ping of the waste copper solution, should it 
be necessay to strip solutions either on ac 
Count of excess acid or relatively. Sinai 
anouilts of impurities which may accumu 
late in the cyclic operation of the process. 

it will be seen that with the elimination 
of the iron from the high grade concentrate 
by fusion, the resulting copper sulphide, 
announting to about three fourths of the orig rs 

inal concentrate, is quickly and easily roasted 
and quickly and easily leached with dilute 
siphuric acid. This indicates a minimum 
roasting and leaching expense both of in 
Staliation and operation. If the concentrate 
cottai is rare or precious metals they will 
be found in convenient form in the leached 
reside, from which they are easily recovered 
or separated. 
The initial acid for leaching may be ob 

tained as such, but this will not be neces. 
Saiy. Some of the concentrate may be roast 

s 
... 

t; ed to Sulphate, and the resulting copper Sul 
phate when electrolyzed will give the acid 
to make the process cyclic and continuous. 

he pure, or relatively pure, copper sul 
Scution flows from the leaching tank 

he settler, and from the settler the clari. 
fied copper suiphate solution flows into the 
lectrolytic copper tanks No. 1, where the 
copper is deposited and an equivalent of acid 
is regenerated. Theoretically, by this proc 
ess, the amount of acid consumed in dissolv 
ing the c r from the copper oxide will 
be Fegeinerated in the deposition of the cop 

i", so that theoretically, at least, the process 
'C 

ios, and if the solutions are maintained at 
the desired copper content, an efficiency ap 
proaching the theoretical should be realized 
in the deposition of the copper. 

It is thought, therefore, that this method 
of procedure, involving cheap smelting, easy 

lites very little care in regulating solu 

3. 

roasting, the elimination of iron in injurious 
amounts from the electrolyte, and with cop 
per of exceptional purity as the end product, 
offers decided advantages over ordinary roast 
ing, Smelting, converting, and the refining 
of the resulting blister copper, and that it 
also offers advantages over the general hy 
diometallurgical process, involving reast 
ing, leaching, and electrolysis, in the treat 
is eit of the entire concentrate, with its at 
te: dališ difficulties in roasting and eaching to 
get a high extraction, and the difficulties 
incident to the fouling of solutions, where 
such fouling is undesirable. 

in treating the high grade concentrate in 
an electic furnace, it may be desirable at 
times, o' always, to reduce some of the cop 
per to elemental metal, altho this ele 
neatal metai will be impure. In such a 
case, the impure copper from the electric 
furnace is cast into anodes, and refined in 
the pure, or relatively pure, electrolyte 
obtained iroin eaching the pure, or rela 
tively pure, copper oxide resulting iron 
roasting the piire, or 'elatively pure, copper 
sulphide, Cine advantage of this method 
of procedure would be that less power would 
be required to deposit the copper, in the pro 
portion of from 3 to 4 volt with soluble cop 
per ailodes, as compared with about 1.75 to 
2.0 volts for insoluble anodes. The volume 
of current would be the same in both cases. 
Cin the other hand more power would be re 
quired in reduciig the cuprous Sulphide to 
the ele3ental netal in the electric furnace, , , 
and a further disadvantage would be the ex 
tra work in casting anodes and changing 
them, whereas, with insoluble anodes the op 
eration would be reduced to extreme sim 
plicity, and should be preferred where the 
cost of eiectric power is cheap or normal, and 
the alternative method where the cost of elec 
tric power is excessively high. A small 
a nount of metallic copper in the sulphide, 
if fine, would be converted into the oxide by 
'casting, and if some of the copper is in the 
form of shot, it can be dissolved with ferric 
Siiphate in the treatient of the low grade 
concentrate. 
The low grade concentrate, assumed as 

nine toils containing 7.5% copper, is roasted 
with the view of making as much as possible 
of the copper soluble in water, aid a high 
percentage solubie in dilute acid. It is not, 
difficult to roast, a low grade concentrate to 
imake from 5% to 85% of the copper solu 
bie in water, and from 85% to 95% soluble 
in dilute acid. 
practical, to roast copper ore or coincentrate 
So as to make a high percentage of the cop 
per soluble in water or dilute acid without 

This soluble iron in the leach solu 
is usually considered detrimental if 

e copper is to be deposited electrolyti 

It is difficult, if not im 

, ; 
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ally. Ferric iron is formed to sole extent 
in the roasting, and to a greates' extent in the 
electrodeposition of the copper. The fer. 
ric iroi) is hairmful in the electrodeposition 
of the copper because it re-dissolves the de 
posited copper largely in proportici to its 
presence in the electroiyi.e. 'his difficulty 
can be effectively overcome as described, for 
exampie, ii hiy Patent No. 1,483,056, Feb. 5, 
1924. in view of the fact, however, that i: 
the prescint 'ocess a very large portion of 
the co-pei is electrolyticaily deposited fronn 
a solutio practically free from iron, as de 
Scribed, it is preferred to also deposit. : large 

5 cortion of the copper obtained from leach 
iing file roasted low grade concentiate, from 
a relatively plli'e and iich copper solution. 
To do this the roasted low grade concein 

trate is first leached with water. The water 
S0 will dissolve the wate; soiuble copper, as suil 

phate, aimounting to about 75% of the totai 
coppei' in the roasted iovy grade concentrate. 
The resulting copie; soilitio}} can be made 
very rich in coppei', especially since the 

25 water will be hot, as a result of eaching the 
het roasted coice:htiate. A \V: te' saturated: 
Solution of copper suliphate at 0 deg. C. will 
contai: 12.93% copper, and while the solu 
tion, in practice, will probably never be sat 

20 urated, there should be no difficulty is aain 
taining the water solution at about 10% cop 
pei". The lean tail watcl sciition fro; one 
charge can be used as the head water solu 
tion for the next charge. The 'ich water 

35 ution of copper sulphate will be practically 
Reutral and will not contain a great deal of 
iron, foi', as is well known, the anouilt of 
water soluble iroa in 'oasted coppel' ore or 
concentrate is small as compared with that 

40 soluble in dilute acid. 
The water solution of coppel' sulphate 

froni leaching the roasted lovy grade concern 
trate is flowed into the water CuSO solution 
tank, where it is treated with the relatively 

45 pure copper oxide obtained from roasting 
the copper sulphide from the Smelting fur 
nace. The iron is precipitated, while an 
equivalent of coppel' goes into solution, 
This rich copper solution, practically free 

50 from iron in injurious aimounts, is then 
transferred to the elect'olytic circuit for 
depositing copper obtained from leaching 
the high grade copper oxide. In this way, 
under the assi:ned conditions, from 75% 

53 to 80% of the total copper in both the high 
grade and low grade concentrate can be de 
posited as the eiectrolytic metal fro)), a solu 
tion practically free froin injurious impuri 
ties, and the copper so obtained should be of 

63 exceptional purity, even for electrolytic 
copper. 

It is evident that if the copper solution 
obtained from leaching the roasted low 
grade concentrate with water, is transferred 

63 to the high grade concentrate circuit, excess 
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acid will be produced, since the copper dis 
solved as the water soluble sulphate will, on 
electrolysis, render an equivalent of acid 
Without consuming acid. In order to main 
tain the best conditions for electrolysis for 
practically all of the coppel' deposited elec 
trolytically, the copper solution in the cop 
pei tanks should be as nearly hol'nal as pos 
sible in acidity and the copper content of the 
Solution should be such as to give the high 
est, anie'e eficiency for the current density 
Rised, and the current density under the con 
ditions, can be maintained fairly high. 
These gene:'ai conditions can be practically 
cai'i'ied out by bleeding of the excess Solu 
tion, or the solition which is too high in acid, 
or which should becole too impure, and 
stilipping the copper from the bled solution 
in the copper stripping tanks. It should be 
pi'actical to in overish the solution in the 
copper stiii); iiig tanks to is low as 0.10% to 
0.25% with a fairly high airpere eficiency 
and with the production of excellent copper. 
it ray not be necessaly noi' desirable to strip 
the copper a 3 lovs as that, since the excess 
acid is used to dissolve the copper from the 
"Oased tow grade concentrate which is not 
Soluble in Wate'. 
The acid soilition, impoverished in copper', 

is ti'ansferred to the circuit for leaching the 
lovy grade conceitiate to exti'act the 

copper which is not soluble in water, but 
which is soluble in a dilute acid solution, 
'i his scid Solution will dissolve the acid solti 
bie copper, as also a considerable amount of 
iron and other acid soluble impurities. The 
in pile copper solution flows into the acid 
CuSO solution tank, or reducer, where it is 
preferably treated with copper sulphide, 
preferabiy as obtained from smelting the 
high grade concentrate, or from p!'ecipitat 
ing copper from lean and foul solutions with 
hydrogen sulphide. This reduces the harm 
ful ferric iron to the practically harmless 
ferrous iron, and makes practical a high cul'- 
rent efficiency in the deposition of the cop 
pe from solutions: high in iron. The in 
Bui'e copper solution, containing salts of 
iron, flows into copper tanks No. 2, where 
the coppei' is deposited and acid and ferric 
iron are regenerated. Ferric iroi is injuri 
ous laigely in proportion to its presence in 
the electrolyte; the solution is therefore cir 
culated in a sort of closed circuit between the 
solition tank, or reducer, containing copper 
suiphide, and the copper tanks to keep down 
the fertic iron. The solution issuing from 
the copper tanks No. 2, should not contain 
over 0.25% ferric iron, and this should be 
almost completely reduced in the solution 
tank, or reducer. When the solution is suf 
ficiently impoverished in copper, the resili 
ing acid solution, or a portion of it, is re 
turned to the roasted low grade concentrate 
leaching tank No. 2. Excess acid will be pro 
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duced in the electrolysis of the solutions ob 
tained from treating the roasted low grade 
concentrate as described. If the concentra 
to tailing does not contain any copper as 
Oxide (including carbonate) soluble in an 
acid solution, the lean solution may be treate with a precipitant, such as hydrogen 
Sulphide, and the copper precipitated. The 
Solution may then be wasted. 

If, however, the concentrator tailing con 
tains copper worth recovering at no extra 
acid expense, the concentrator tailing is treat 
ed, without any particular refinements, with 
the excess acid produced in the leaching and 
elegtrolytic circuits. The resulting soilution 
Will be very dilute it copper and quite heavi 
ly charged with all kinds of soluble impuri 
ties. It is preferred therefore, to precipitate 
the copper from these lean and foul solu 
tions chemically, preferably with hydrogen 
Sulphide. The hydrogen sulphide may be 
convenientiy and economically generated 
from iron matte and the relatively pure and 
strong acid solution obtained from electrolyz 
ing the relatively rich and pure copper solu 
ion in the high grade concentrate circuit. 
he solution and the precipitate flow into the 
parator, where the copper sulphide pre 

cipitate Settles very quickly. The overflow 
ing acid Solution may be Wasted or returned 
to the concentrator tailing leaching tank. 
The copper Sulphide precipitate may be 
transferred to the solution tank, or reducer, 
of the low grade concentrate leaching and 
electrolytic circuit, where the copper is re 
dissolved with the reduction of ferric iron, 
and the re-dissolved copper is then deposited 
as the relatively pure electrolytic metal. 

If a portion of the copper solution from 
leaching the concentrator tailing is rich 
enough, it may be transferred to the elec 
trolytic circuit of the low grade concentrate, 
and the copper deposited therefrom directly 
as the electrolytic metal. 

If power for electric smelting is expensive, 
Or if the high grade concentrate contains 
considerable amounts of impurities, it will 
usually be desirable to smelt the high grade 
concentrate in a blast furnace to slag of 
most of the iron and other impurities and run 
the molten matte into the electric furnace for 
the further elimination of iron and to con 
centrate the copper to the condition desired. 
It is difficult to get the desired elimination 
of the iron in the electric furnace without 
producing slag fairly high in copper. The 
high copper slag from the electric furnace 
is therefore returned to the blast furnace, so 
that the only metal loss in the slag is that 
in the blast furnace slag, and this will usual 
ly be quite small. If desired, air or steam 
may be introduced into the electric furnace 
to assist in the desired reactions. 
The total elimination of the iron so as to 

produce pure copper sulphide is probably im 

t 
T 
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practical on a commercial basis, and while a 
chemically pure copper sulphide is not con 
templated in this process, it is desirable to 
eliminate the iron as completely as practi 
cal, Consistent with economical commercial 
Operation. The Small amount of iron re 
naining in the copper Suiphide will largely 
be converted into the insoluble oxide on roast 
ing. If a small amount of iron goes into so 
lution Oil leaching, it will, or may, be precip 
itated out of the solution by the large amount 
of copper oxide, obtained from roasting the 
copper Sulphide, which acts as a strong base. 
Thus the iron may be kept out of the solution, 
except in amounts So Smail as not to be no 
ticeably injurious in the commercial deposi 
tion of the copper from the leach solution. 
The tendency in leaching the practically 

pure copper oxide, containing perhaps va 
liable amounts of copper sulphate, is to pro 
dice excess acid. Bleeding of the solution 
may be regulated so that the acid and impuri 
ties in the teach solution and electrolyte may 
be kept at a desired standard. In any event, 
the amount of impurities in the solution in 
the high grade concentrate leaching and elec 
trolytic circuit can be kept exceedingly low. 

in eliminating iron in the electric furnace 
and producing as nearly as practical pure 
copper sulphide, when the copper concen 
trate reaches the composition of chalcocite, 
Cu2S, or about 80% copper, some of the cop 
per is likely to separate out as the elemental 
metal. Under certain conditions it may be 
desirable to carry the treatment in the elec 
tric furnace so far as to obtain some of the 
copper in the form of sulphide and Some in 
the form of the elemental metal. The Sul 
phide would their be roasted and eached 
as described, and the elemental impure cop 
per, or even copper sulphide containing ele 
inental copper, would be cast into anodes, 
and the anodes would be refined in the rela 
tively pure copper solution obtained from 
leaching the relatively pure copper oxide, re 
Sulting from roasting the relatively pure cop 
per Sulphide. The separation between the sul 
phide and the metal, in the electric furnace, 
need not be carefully made; if a little sulphide 
gets mixed with the copper in the anodes, it 
will do no particular harm, and if some fine 
ly divided copper gets mixed with the sul 
phide, the elemental copper, like the Sulphide, 
will be converted into the oxide on roasting. 
Should any metallic copper be left in the resi 
due after leaching, it can be returned to the 
electric furnace. S. 
The production of metallic copper may be 

facilitated by adding high grade copper oxide 
to the fused high grade sulphide. The cop 
per oxide may be obtained from roasting a 
high grade sulphide, obtained from roasting 
a high grade copper concentrate, or the high 
grade copper sulphide obtained from smelt 
ing. The copper sulphide and the copper 
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oxide in the electric furnace will react to 
produce elemental copper and sulphur di 
oxide, a reaction which is well known. 
Where power is expensive, the saving in 

power in the deposition of the copper from a 
soluble anodes as compared With depositing 
the copper with insoluble anodes, would be 
considerable. No strict line of demarcation 
between the sulphide and metallic coppe; 
would have to be followed, but the process 
admits of wide variation, without much spe 
cial apparatus. 

If a portion of the copper sulphide is re 
duced to the metallic state in the clectric fui'- 
nace, part of the copper, on electrolysis, will 
be deposited from soluble copper anodes and 
another portion will be deposited from the 
leach solution with insoluble anodes. Anti 
monial lead anodes seem to be the most satis 
factory for this purpose, for insolubie anodes. 

In roasting the concentrated copper Sul 
phide obtained by smelting the high grade 
concentrate, some copper Sulphate is formed, 
but this copper sulphate does not interfere 
with the general working of the process. The 
relative amounts of copper oxide and copper 
Sulphate in the concentrated copper Oxide 
may be controlled in the roasting. The ex 
cess acid produced by leaching the concen 
trated copper oxide, including the Sulphate 
if present and electrolyzing the resulting cop 
per solution, may be used in extracting copper 
from lean oxidized ore, or from the conce 
trator tailing. 
Copper ores frequently contain Shall 

amounts of rare or precious metals, which in 
the usual methods of treatment by solvent 
processes would not be worth the extra step 
for their recovery. in the present process the 
rare or precious metals will be concentrated 
by gravity or floitation in about the same pro 
portion as the copper. That is to say, about, 
47.5% of the total precious metal content of 
the concentrate will be in the high grade con 
centrate and 52.5% in the low grade concein 
trate, under the assumed conditions. in oi'- 
der to facilitate and cheapen the recovery of 
any residual copper and the rare oil recious 
inctals in the high grade concentrate leached 
residue, the residue is returned to the Shneit 
ing furnace until the precious metals have 
accumulated Sufficiently to make their re 
covery in elemental form most profitable, and 
then the eached residue is given a special 
treatment for the recovery of the rare or 
precious metals by any of the well known 
methods. 
By separating the concentrate into a high 

grade concentrate and a low grade concen 
trate, the low grade concentrate eached 
l'esidue can also be treated with greater fa 
cility for the recovery of the precious metals, 
especially with cyanide. Copper is a strong 
cyanicide, and in high grade or medium 
grade copper concentrate it is extremely dif 
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ficult, and highly uncertain, to get the copper 
leached residue sufficiently low in copper to 
make economic cyaniding practical for the 
recovery of the precious metals. it is easily 
practical, however, it leaching roasted low 
grade concentrate, to get the copper so low in 
the residue that cyaniding of the residie will 
not present any unusual difficulty. The Sep 
aration of the concentrate into a high gi’a (le 
and a low grade concentrate offers certain 
definite advantages in the recovery of the 
precious metals by the process described. 

in leaching the roasted low grade concen 
trate to dissolve the water soluble copper, it 
may be desirable to add a little of the re 
generated acid solution to the Water to make 
a very dilute acid solution with which to dis 
solve the Water soluble copper. This will dis 
solve an appreciable amount of the acid sol 
uble copper, but only a very shall cxtra 
amount of the acid soluble iron. The idea 
would be to each the water soluble copper 
with an acid solution. So dilute that the solu 
tion after leaching would be neutral or nearly 
SO, and that the small amount of iron dis 
solved would be precipitated with the excess, 
or concentrated, copper oxide. The iron pre 
cipitated out of the solution with the cop 
per Oxide would be redissoived by the acid 
eaching of the roasted low grade conceh 

trate, but as this copper solution, containing 
salts of iron is electrolyzed under conditions 
in which the iron is not particularly harmful 
and may even be beneficial. 

In leaching the copper leached residue in 
leaching tank No. 1 to extract the precious 
metals, it is not necessary to make a close 
extraction of the precious metals if the 
leached residue is returned to the smelting 
furnace, since the residual copper and rare 
or precious metals will be recovered in a new 
matte or copper sulphide. So that the only 
metal loss would be that in the slag from the 
Smelting furnace and that escaping as fume. 

claim : 
1. A process comprising, treating copper 

ore to separate a high grade and a low grade 
copper concentrate, roasting the low grade 
col}centrate, Smelting the high grade concen 
trate to produce highly concentrated copper 
sulphide, roasting the concentrated copper 
sulphide to produce concentrated copper OX 
ide, eaching a portion of the concentrated 
copper oxide with an acid solution to ex 
tract the copper, electrolyzing the resulting 
copper Solution to deposit the copper and re 
generate acid, returning the regenerated acid 
solution to the concentrated copper oxide, 
leaching the roasted low grade concentrate 
to extract a portion of the copper, treating 
the resulting copper solution with a portion 
of the concentrated copper oxide. and electro 
lyzing the resulting purified copper solution 
with the copper solution obtained from 
leaching the concentrated copper oxide. 
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2. A process comprising, treating copper 
ore to separate a high grade and a low grade 
copper concentiate, roasting the low grade 
concentrate to make a portion of the copper 
Water soluble and a portion acid solubie, 
Smelting the high grade conceit to pro 
duce a highly concentrated copper sulphide, 
roastig the concentrated copper sulphide to 
li'odilee concentrated copper oxide, leaching 
the concentrated copper oxide with an acid 
solution to extract, the coppei', electrolyzing 
jhe resulting copper solution to deposit the 

s 

C 

the 
opper and regenerate acid, returning the re 
generated acid solution to the concentrated 
copper oxide and repeating the cycie, leach 
ing the roasted low grade concentrate to ex 
tract the water soluble copper, and adding the 
water soluble copper solution to the conceh 
trated copper oxide leaching and electrolytic 
circuit. 

3. A process comprising, treating copper 
ore to separate a high grade and a low grade 
concentrate, roasting the low grade concen 
trate, Sinelting the high grade concentrate to 
produce concentrated copper sulphide, 'oast 
ing the concentrated copper Sulphide to pro 
duce concentrated copper oxide, separately 
eaching the roasted low grade concentrate 
and the concentrated coppe: oxide, adding 
the richer and purer portion of the copper 
solution Fesulting from leaching the roasted 
low grade concentrate to the richer and purer 
solution obtained from eaching the concen 
trated copper oxide, and electrolyzing the 
solution. - - - 

4. A process comprising, treating copper 
cre to separate a high grade and a low grade 
concentrate, roasting the low grade concen 

- trate, Smelting the high grade concentrate to 
produce concentrated copper sulphide, roast 
ing the concentrated copper Sulphide to pro 
duce concentrated copper oxide, separately 
eaching the roasted low grade concentrate 
and the concentiated copper oxide to extract 
the copper, electrolyzing the richer and purer 
copper solution obtained from eaching the 
roasted low grade concentrate and the con 
centrated copper oxide in one electrolytic cir 
cuit, and electrolyzing the relatively lean and 
impure copper solution obtained from leach 
ing the roasted low grade concentrate and 
the concentrated copper oxide in another 
electrolytic circuit. 

A process comprising, treating copper 
C}'e to produce a copper concentrate, Smelt 
ing the concentrate to matte, treating the 
imate to eliminate sulphur and slag of iron 
So as to produce a concentrated copper sul 
phide, roasting a portion of the concentrated 
copper sulphide to produce concentrated 
copper oxide, leaching the concentrated cop 
per oxide to extract the copper, electrolyzing 
the resulting copper solution to deposit, the 
copper and regenerate acid, treating another 
portion of the concentrated copper sulphide 

7 

to eliminate more sulphur so as to produce 
impure metallic copper, casting the impure 
illetallic copper into anodes, and refining the 
a}}odes in the copper solution obtained from 
leaching the concein&rated copper oxide. 

6. A rocess comprising, smelting copper 
concentrate to matte, treating the matte to 
elimiirate sulphur and iron so as to produce 
concentrated copper Sulphide, roasting a por 
tion of the concerti’ated copper sulphide to 
biodice concentrated copper oxide, leach 
ing a portion of the concentrated copper 
oxide to extract the copper, electrolyzing the 
resulting copper solution to deposit the cop 
per and regenerate acid, applying a portion 
of the concentrated copper oxide to a portion 
of the heated copper, sulphide to eliminate 
sulphur so as to produce impure metallic cop 
per, casting the resulting impure metallic 
copper into anodes, and electrolytically refin 
ing the anodes with the copper solution ob 
tained from leaching a portion of the concen 
trated copper oxide. 

7. A process comprising, treating copper 
ore to separate a high grade and a low grade 
copper concentrate, roasting the low grade 
concentrate, leaching the roasted low grade 
concentrate to extract the copper, Smelting 
the high grade concentrate to produce con 
centrated copper sulphide, roasting the con 
centrated copper sulphide to produce copper 
oxide, applying the copper oxide to the copper 
solution obtained from leaching the roasted 
low grate concentrate, and electrolyzing the 
solution. 

8. A process comprising, treating copper 
ore to separate a high grade and a low grade 
copper concentrate, roasting the low grade con 
centrate, treating the high grade concentrate 
to convert a portion of the copper to the con 
centrated copper oxide and a portion to the 
impure metallic copper, leaching the roasted 
low grade concentrate to extract the copper, 
treating the resulting copper solution with 
the concentrated copper oxide and iefining 
the impure metallic copper in the copper so 
lution as the electrolyte. 

9. A process comprising, separating copper 
Ore into a high grade and a low grade copper 
concentrate, roasting the low grade concen 
trate, to make a portion of the copper Water 
soluble and a portion acid soluble, eaching 
the roasted low grade concentrate to extract 
the water soluble copper, smelting the high 
grade concentrate to produce concentrated 
copper sulphide, roasting the concentrated 
copper sulphide to produce concentrated cop 
per oxide, applying the concentrated copper 
oxide to the water soluble copper solution to 
precipitate iron and other impurities from 
the solution, and electrolyzing the purified 
solution to deposit the copper. 

10. A process comprising, treating copper 
ore to separate a high grade copper concen 
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trate and a low grade coppei' residue, treating 
the high gi'ade concentrate to produce con 
centrated copper oxide, leaching the concei 
trated copper oxide with an acid solution to 
extract the copper, electiolyzing the copper 
Solution to deposit the copper and regenei'- 
ate acid, ti'eating metal sulphide with the 
regenei'ated acid solution to produce hydro 
gen Sulphide, and precipitating copper from 
lean or foul solutions with said hydrogen 
sulphide. 

11. A process comprising, ti'eating copper 
oire to sepalate a high gracie copper concell 
trate and a low grade copper residue, Smelt 
ing the high grade concentrate to produce 
concentrated copper sulphide, roasting the 
concentrated copper sulphide to produce con 
centrated copper oxide, leaching the concen 
trated copper oxide with an acid solution to 
extract the copper, eiectrolyzing the copper 
solution to deposit the copper and regene 
ate acid, and applying the regenerated acid 
solution to the low grade copper residue to 
extract the copper therefrom. 

12. A process comprising, treating coppel' 
ore containing rare or precious metals to Sei 
arate a high grade and a low grade copper 
concentrate, Smelting the high grade concen 
trate to obtain concentrated copper sulphide, 
roasting the concentrated copper Stiphide to 
obtain copper oxide, leaching the copper ox 
ide to extract the copper, returning the 
leached residue to the shelting furnace aid 
repeating the cycle until the residue is de 
sirably enriched in the rare or precious met 
als, and then treating the residue to recover 
the rare or precious metals. 

13. A process comprising, Smelting coppel' 
concentrate containing precious metals to 
concentrate the precious metals into concen 
trated metal sulphide, roasting the conceh 
trated metal sulphide, eaching the resulting 
roasted material to extract the copper. Simelt 
ing the leached residue to concentrate the pre 
cious metals and residual copper into an im 
pure concentrated copper product, and elec 
trolytically refining the impure concentrat 
ed copper product to separate the precious 
metals and recover the copper as the electro 
lytic metal. 

14. A process comprising, treating copper 
O'e to produce a copper concentrate, roasting 
a portion of the concentrate, leaching the 
roasted concentrate to extract a portion of 
the copper so as to obtain a relatively pure 
and relatively rich copper solution, then sep 
arately leaching the roasted concentrate to 
extract the remaining copper and thus ob 
taining a relatively lean and relatively in 
pure copper solution, Smelting another por. 
tion of the concentrate to produce an impuré 
concentrated copper product, casting the in 
pure concentrated copper product into an 
Odes, and refining the anodes with the rela 
tively pure and relatively rich copper solu 
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tio}} obtained from leaching the roasted cop 
per concentrate as the electrolyte. 

15. A process of treating copper concei. 
trate comprising, Smelting the concentrate { { 
matte, electrically heating the matte to dis 
Sociate the sulphur and iron so as to produce 
concentrated copper sulphide, roasting a por 
tion of the concentrated copper sulphide to 
produce concentrated copper oxide, and add 
ing the concentrated copper Oxide to the 
electrically heated copper sulphide to elimi 
late more sulphur. 

16. A process comprising, treating copper 
Ore to separate copper concentrate, roasting 
a portion of the concentrate to make a por 
tion of the copper water soluble and a portion 
acid soluble, leaching the roasted concentrate 
to first extract the water soluble copper and 
then leaching the roasted concentrate to ex 
tract remaining acid soluble copper, Sep 
arately precipitating the copper from the 
water soluble and from the acid soluble cop 
per solutions, smelting another portion of the 
concentrate to produce a highly concentrated 
fused copper product, casting the highly con 
centrated fused copper product into anodes, 
and electrolytically refining the anodes in the 
Water soluble copper solution obtained from 
leaching the roasted concentrate. 
1. A copper extraction process compris 

iing, treating copper ore to separate a high 
grade and a low grade copper concentrate, 
roasting and eaching the low grade conce 
trate to extract the copper, Smelting the high 
grade concentrate to produce concentrated 
copper Sulphide, electrically heating the con 
centrated copper sulphide, adding concen 
trated basic oxide to the electrically heated 
copper sulphide to eliminate the sulphur and 
to produce impure metallic copper, casting 
the resulting impure metallic copper into an 
Odes, and electrolytically refining the anodes. 

WILLIAM E. GREEN AWALT. 
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