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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 smell or in iarge units as occasion
may require, with the production of the cop-
per as the electrolytic metal. If there are
precious meials associated with the copper,

* these may also be recovered in elemental form.

Copper ores, as mined, ave usually concen-
trated to eliminate barren material, or
gangue. The concentrate is then usually
smelted to matte, the matte blown to blister

7 copper, and the blister copper is then refined
to obtain the electrolytic metal. Or, the con-
centrate may be roasted, leached with sul-
phuric acid, and the copper deposited elec-.
trolytically to obtain the electrolytic metal.

207 The concentrate may be cbtained from the

original ore either by gravity or flotation
concentration, and the concentrate will usu-
ally vary frem 15% to 25% copper, depend-
ing on the nature of the ore, but principally

2% 'on the mineralogical combinations in which

the copper occurs. _

It the concentrate is smelted, rossting is
usually necessary, and usually considerable
fluxing is required to slag off gangue mate-
rial associated with a low grade concentrate,
and the gangue material also vequires fyel
Tor smelting. By smelting a relatively low

grade concentrate, a relatively large plant is

required, relatively large amounis of fuel
and flux must be provided, and the labor
item is high; all of which means increased
expense, ,

1f the concentrate is ireated by roasting,
leaching, and electrolysis, the copper can be
converted directly inte the electrolytic metal,
but
from 15% to 256% copper, presents some dif-
ficult extraction of the cop-

ties, both of the
per and the fouling of the acid leach solu-

45 tions. Much progress has been made in

¢he roasting of a concentrate containing -

roasting high grade copper ore or concen-
trate 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. 1,483,056, Feb. 50
5, 1924, nevertheless, if a treatment can be
evolved which largely overcomes the difficul-
ties mentioned, as in the present process, a
considerable advantage would Tresult at
least under many conditions.

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 g
large amounts of low grade copper ore, usual-

Iy 1 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 ¢;
from the gangue to form a concentrate. This
concentrate is wusually 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 7
centaminated with irvon, 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. -3
‘Where power is cheap and fuel is costly, elec-
tric smelting 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 sy -
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 g3
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 gu
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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 minerals, chalcocite, bornite, and chal-
copyrite. Pure chalcocite contains 79.8%
copper and 2029 sulphur; pure bornite con-
tains 55.58% copper, 28.6% sulphur, and
16.36% iron; pure chaleopyrite contains
84.6% copper, 3£9% sulphur, and 30.5%
iren.

The conditions of concentration can best
be illustrated by taking a specific case in the
trentment of 100 tons of ore assaying 1.5%,
or 30 pounds, of copper 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 result of the concentration treat-
ment:

450 Ihs. total

a9 tons tailing, 0.25% copper (51bs.) ...
_. 2,550 1bs. total

10 tons concentrate, 12.75% copper (255 Tbs.

The ten tous of concentrate may be sepa-
rated into:

1.5 tons high grade concentrate, 50% copper (1,600 1bs.) 1,500 1bs. total
8.5 tons low grade concentrate, 6.2% copper (124 1hs.)_ 1,050 Ibs. total

Or, preferably, into the following:

1.0 tons high grade concentrate, 60% copper (1,200 1bs.)- 1,200 1bs. total
9.0 tons low grade concentrate, 7.5% copper (150 1bs.)-. 1,350 1bs. totai

There should not be a great deal of difii-
culty under most conditions in getting a 59%
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
bornite or chalcocite. The 60% copper con-
contrate -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 concen-
trate, the better the process can be operated.

Tf there is gold or silver in the ore, the
high grade concentrate will contain the pre-
cions 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 609 copper concentrate, and
52.5% will be in the 9.0 tons of 7.5% copper
concentrate.

Having made the separation of the mineral
from the gangue and divided the mineral
into a relatively small amount of high grade
concentrate and a relatively large amount of
low grade concentrate, the method of pro-
codure is as follows:

The high grade concenirate, asiumed 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 com-
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 cuprous culphide.
The extent of the reduction of the cuprous
sulphide may vary to suit the operator to
get the greatest ultimate economy. There 13
no definite end peint in the process, but the
object would be to get all or nearly all of the
copper in the condition of cuprous sulphide,
and if circumstances indicate greater econo-
my by continuing the reduction so as to cb-
tain a portion of the copper in elemental
form, that may al-o be done, as will be de-
seribed 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
cupreus sulphide. The charge in the elee-
tric furnace is treated so as to slag off or
eliminate the ivon as completely as practieal.

The volatilized sulphur can be condensed
and recovered as the elemental sulphur, and
the elemental sulphur will usually be ¢
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 velatilize sulphur and slag
off impurities, the cost of smelting will he
very low, per charge, and still velatively
smaller, per pound of copper produced. The
power, or electric energy required to smelt
cuch material is quite within good cconomy
at ordinary prices for clectricity, and wh
power is cheap, the economy will be marked.

If the charge is smelted to cuprous sulphide.
a ton of the original charge will be concen-
trated into Cu.S, weighing about 1500
pounds, as a vesult of the elimination of the
iron and most of the sulphuy. This relatively
pure copper sulphide is then ground to a
suitable fineness and rossted. The resulting
copper oxide is then Jeached with acid, pref-
erably with dilute sulphuric acid, and the
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 chesr
smelting of the high grade concentrate. no
forrites or ferrates are formed in roasting,
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 reasting,
vhich makes it difficult, if not at times im-
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,
from high grade copper concentrate can be
made practically complete, and the difiicalty
incident to-the formation of ferrites ant
ferrates, in roasting, is confined to the low
grade concentrate, and will not usually be
large.

Another outstanding point of interest is,
that with the elimination of the iron from
the high grade concentrate, electrolytic diffi-
ulties, due to the presence of iron in the elec-
trolyte, ave entirely avoided, ov practically
s0, and this makes possible high efficiencies
L smooth operation in the deposition of
he copr It also makes possible easy strip-
ping of the waste copper solution, should it
be necessary to strip solutions either on se-
count oif excess acid or relatively smail
amounts of impurities which may accumu-
late in the cyclic operation of the process.

it will be seen that with the elimination
of the iren from the high grade concentrate
by fusion, the resulting copper sulphide,
amounting to about he orig-

o
Ser.

ut three fourths of the
inal concentrate, is quickly and easily roastec
and quickly and easily leached with dilute
sulpharic This indicates a minimum
roasting and leaching expense both of in-
stallation and operation. If the concentrate
ontains rare or precious metals they will
be found in convenient form in the leached
resiclue, from which they are easily recovered
or separated.

initial acid for leaching may be ob-

acad.

as such, but this will not be neces-
BSome of the concentrate may be roast-

and the resulting copper sul-
ctrolyzed will give the acid
the process cyclic and continuous.
or relatively pure, copper sul-

lution flows from the leaching tank
o settler, and from the setiler the clari-
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copper -tanks No. 1, where the
leposited and an equivalent of acid
nerated. Theoretically, by this proc-
amount of acid consumed in dissolv-
copper from the copper oxide will
A, ed in the deposition of the cop-
per, so that theoretically, at least, the process
requires very little care
and if the solutions arve maintained at
copper content, an efficiency ap-
proaching the theoretical should be realized
in the deposition of the copper.
is thought, therefore, that this method
of procedure, involving cheap smelting, easy
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in regulating solu-

3

roasting, the elimination of iron in injurious
amounts from the electrolyte, and with coy
per of exceptional purity as the end product,
offers decided advantages overordinaryroast-
ing, smelting, converting, and the refining
of the resulting blister copper, and that it
also offers advantages over the general hy-
Grometallurgical process, involving roast-
ing, leaching, and electrolysis, in the treat-
ment of the entire concentrate, with its at-
teidant difficulties in roasting and leaching to
get a high extraction, and the difficuliies
sicent the fouling of sclutions, where

ing N
mneLd e ng

CoB-

Lil

suchi g is undesirable.
in 1g the high grade concentrate in
an el furnace, it may be desirable at

e
times, or always, to reduce some of the cop-
per to elemental metal, altho this ele-
mental metal will be impure. In such a
case, the impure copper +rom the electric
furnace i into anodes, and refined i
the pure, or atively pure, electrolyte
obtained from lezching the pure, or rela-
tively pure, copper oxide resulting from
roasting the pure, or relatively pure, copper
sulphide, advantage of this method
o procedure would be that less power would
be required to deposit the copper, in the pro-
portion ¢f from .3 Lo .4 volt with soluble cop-
per anodes, as compared with about 1.75 to
2.0 volts Zor insoluble ancdes. The volume
of current would be the same in both cases.
Cn the cther hand more power would be re-

[e]

One

quired iz ; the cuprous sulphide to
the elemental metal in the electric furnace, -

and 2 further disadvantage would be the ex-

tra work 1n ecasting snodes 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 electric power is cheap or normal, and
the alternative method where the cost of elec-
tric power is excessively high. A small
amouné of metallic copper in the sulphide,
if fine, would be converted into the oxide by
reasting, and if some of the copper ig in the
form of shot, it can be dissolved with ferric
sulphate in the treatment of the low grade
concentrate.

The low grade concenirate, agsumed as
nine tons containing 7.5% copper, is roasted
with the view of making as much as possible
of the copper scluble in water, and a high
percentage solubie in dilute acid. Tt is not
difficult to roast a low grade concentrate to
meke from 75% to 85% of the copper solu-
ble in water, and frem 85% to 95% scluble

in dilute acid.

practical, to roast copper ore or concentrate
50 akte a high percentage of the cop-
per soluble in water or dilute acid without
at the same time making some of the iron
soluble. This soluble iren in the leach solu-
sion is usually considered detrimental if
the copper is to be deposited electrolyti-

It is difficul$, if not im- .
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cally. Ferric iron is formed to some extent a ‘il will be produced, since the copper dis-
in the roasti ng, an d to a greater extent in the solved as tae ’aiez soluble sulphate will, on
electrod LPO&l tion of the copper. The fer elg trolysis, render an equivalent of acid

vic iron 1g 1):11‘1nﬂu in the electrode p ition
of the copper because it re-dissolves the de-

posited copper -;n'mh in propor 1w to its

prese 1ce 1N th G‘C(”“onu This diffieuity
can be effestively ovcuom: db described, for
exampie, i *3 ( atent No. 1,483,056, Teb. 5,
1924, of the fact, however, that
thf—\ pre srocess o very lavge porumx 01
the ¢ ﬂu hy yucui'y mp osited from
a sol uL ¥ free rom lmn, a8 c’e-
seribed, i d toalso d

» obtained ir
1‘%10 concenti “Lte

irom
tively pure and vich copper sol Lution.

3

ade concen-

ey ’
The water

To do this the roasted low
trate is first leached with water.

will dissolve the water sciuble copper, as sul-
phate, o Pountmsz to shout /o‘/n of the total
copper in the roasted i("\" grace concentrate.

The resulti ing copper
very rich in copper,

water will Le hot as & 1"*,‘;1111: otf | "cnirg tie
het roasted concentrate. A waler saturate

:
at sOJQO C. wili
while the solu-

bly never be sat-
ii/mi‘-"v

soluuo‘l of copper st )1 ite
contbe
tion, in prac
urated, there
taining the water ¢

per. The lean tail water iocn from one
charge can be used as the head water solu-

T

tion for ﬁ e next charge. The ;1011 water so-
lution of cepper sulphate will be pra"uc::’-l"

iud

muu‘n] and wiil not contain a great deal of
‘l
1

iron, for, as is wel lmo“n the amount of
water soluble iren In x wd cepper ore or
concentrate is small as compared with that
soluble in dilute aci

The water solution of copper sulphate
irom leaching the r 0z wsted low grade concen-
trate is flowed in to he water CuSO, solution

it is tie ‘de’ with the relatively

Ld from roesting
om the smelting fur-
The iron Is precipitofed, while an
equivalent of copper goes into solution,
This rich colmev hmm-. practically free
from iron in m]muf)m amounts, is then
transferred to the eles U'o‘)"iﬂ civeuit for
depositing copper obtained from leaching
the high grade copper oxide. In this way,
under “the assumed conditions, from 75%

0 809 of the total copper in both the high
01"‘(16 and 1ow arade concentrate can be de
posmcd as the elect 1'0’%1(‘ metal from a s olu-
tion pr ncmemlv free from injurious Impuri-
ties, and the copper so obtained should be of
exceptional purity, even for electrolytic
copper.

It is evident that if the copper sclution
cbtained from leaching the wvoa mtcﬂ low
grade concentrate with water, is transferred
to the high grade concentrate circuit, excess

tank, where
pure copper oXide obta
he conn hhide &
the copper sulphide ir
nace. P!

1
it

O
T
i

without consuming acid. In order to main-
tain the best con(htmns for electrolysis for
practically all of the copper deposited elec-
{3 OI»MC‘ILV, the copper solution in the cop-
pet tanks should be as nearly normal as pos-
gibie in dCl(d(‘,’ and the copper content of the
solution shouid be such as to give the high-
est ampere efficiency for the current density
i (Lxl he current density under the con-

S

dm 5, can be maivntained ifairly high.
These general conditions can be pre actically

bleeding off thc excess solu-
which is teo high in acid,
scone too impure, and
cop‘ser from the bled solution
¢ stripping tanks. It should be
iml)ov“"l%h the solution in the
stripping tanks to as low as 0.10% to
i fmrly high ampere gﬁiciency
o produ 1etion of exceilent copper.
L" HOCCsRTY DOK desirable to strip
a3 low as tn%, gince the excess

ssolve the copper from the
srade concentrate which is not

carried out t by
tion, or the oLruo

or wl ‘:c should 1
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il lon, impoverished in copper,
‘o the civeuit for leaching the
58 V 10W gm de concentrate to extr 1(?‘5 the
copp not soiuble in water, but
ich is zoluble in a dilute acid solution.
seid solution will dissolve the acid solu-
, as also a considerable amount of
1 oh)e acid soluble impurities. The
© copper solution flows into the acid
. solution tanlk, or reducer, where it is
zmlv treated with copper sulphide,
prn er)N as cobtained from smelting the
high gra .de concentrate, or from 1*‘@011)11&1;—
ing copper from lean and foul solutions with
hydrogen sulphide. This reduces the harm-
ful ferric iren to the practically harmless
ferrous iron, and makes practical & hlgh cur-
rent Vmcuncy in the (LLPOST tion of the cop-
per from solutions high in iron. The im-
pure copper solution, containing salts of
1won, flows into copper tanks No. 2, where
the copper is depost'm and acid and ferric
won are 10\16110“&‘1,9(] Ferric ivon is injuri-
ous largely proportmu to its presence in
the elecn‘ol_ Le, the solution is therefore cir-
culated in a sort of closed eircuit between the
soiution tnnk, or reducer, containing copper
omohmc, and the copper tanks to I”‘GD down
the ferric ivon. The solution issuing from
the copper tanks IHo. 2, should not contain
over 025% ferric iron, and this should be
alimost completely reduced in the solution
ank or reducer. When the solution Is suf-
ficie nmy impoverished 1 copper, the result-
ing acid solutlon, or a portion of 1it, is re-
Lmned to the roasted low grade concentrate
leaching tanl 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-
tor tailing does not contain any copper as
oxide (including carbonate) soiuble in an
acid solution, the lean colution may be
treated with a precipitant, such as hydrogen
sulphide, and the copper precipitated. The

- solution may then be wasted.

11, however, the concentrator tailing con-
tains copper worth recovering at no
acid expense, the concentrator tailing is tre
ed, without any particular refinements, with
the excess acid produced in the leaching and
electrolytic circuits. The resulting soiution
will be very dilute in copper and quite heavi-
1y charged with all kinds of scluble 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
conveniently and economically generated
from iron matte and the relstively pure and
strong acid sclution obtained from electrolyz-
ing the relatively rich and pure copper solu-
tion in the high grade concentrate circuit.
The solution and the precipitate flow into the
separator, 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 1s re-
dissolved with the reduction of ferric iron,
and the re-dissolved copper is then deposited
as the relatively pure electrolytic metsl.

If a portion of the copper solution from
leaching the concentrator tailing is rich
encugh, 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
¢oncentrate in a blast furnace to slag off
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
1s 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. TIf 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-

5

practical on a commercial basis, and while a
chemically pure copper sulphide is not con-
templated in this process, 1t is desirable to
eliminate the iron as completely as practi-
cal, consistent with economical commercial
cperation.  The small amount of iron re-
maining in the copper sulphide will largely
be converted into the insoluble oxide on roast-
ing. Ifa small amount of iron goes into so-
lution on leaching, it will, or may, be precip-
itated out of the solution by the large amount
of copper oxide, obtained from roasting the
copper suiphide, which acts as a strong base.
Thus the iron may be kept out of the solution,
except in amounts so small 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-
rizble amounts of copper sulphate, is to pro-
duce excess acid. . Bleeding of the solution
may be regulated so that the acid and impuri-
ties in the leach 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 iren in the electric furnace
and producing as nearly as practical pure
copper sulphide, when the copper concen-
trate reaches the composition of chalcocite,
Cu,S, 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 then be roasted and leached
as described, and the elemental impure cop-
per, or even copper sulphide containing ele-
mental 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-
gulting 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. :

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 1s well known.

Where power is expensive, the saving in
power in the deposition of the copper from =
soluble anodes as compared with depositing
the copper with insoluble anodes, would be
considerable., Mo strict line of demarcation
between the sulphide and metallic copper
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 fur-
nace, part ot the copper, on clectrolysis, will
be deposited from soluble copper anodes and
another portion will be deposited from the
leach solution with insoluble anodes. Anti-
menial lead anodes seem to be the most satis-
factory for this purpose, for insoluble anodes.

In roasting the concentrated copper sul-
phide obtained by smelting the high grade
concentrate, some copper suiphate is formed,
but this copper sulphate does not interfere
with the general working cf 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, mecluding the sulphate
if present and electrolyzing the resulting cop-
per solution, may be used in extracting copper
from lean oxidized ore, or from the concen-
trator tailing.

Copper ores frequently contain small
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. Inthe present processthe
rare or precious metals will be concentrated
by gravity or flotation 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 gvade con-
centrate and 52.5% in the low grade concen-
trate, under the assumed conditions. In or-
der to facilitate and cheapen the recovery of
any residual copper and the rare or precious
metals in the high grade concentrate leached
residue, the resicdue is returned to the smelt-
ing furnace until the precious metals have
accwmulated sufficiently te make their re-
covery in elemental form most profitable, and
then the leached residue is given a specia
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 leached
residue 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 casily
practical, however, 1n leaching roasted low
grade concentrate, to get the copper so low in
the residue that cyaniding of the residue will
not present any unusual difficaity. The sep-
aration of the concentrate into a high grade
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, 1t
may be desirable to add a little of the re-
generated acid solution to the water to malke
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 small extra
amount of the acid soluble iron. The idea
would be to leach the water soluble copper
with an acid selution so dilute that the solu-
tion after leaching would be neutral or nearvly
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 concen-
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
iurnace, 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 {rom the
smelting furnace and that escaping as fume.

I claim:

1. A process comprising, treating copper
ore to separate a high grade and a low grade
copper concentrate, roasting the low grade
concentrate, smelting the high grade concen-
trate to produce highly concentrated copper
sulphide, roasting the concentrated copper
sulphide to produce concentrated copper ox-
ide, leaching 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 vesulting purified copper solution
with the copper solution obtained from
leaching the concentrated copper oxide:
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2. A pv"oces comprising, treating copper
ore to separat ea high grade and a low grade
copper concenty Lw‘w, casting the low nraCe
concentrate to make a portion of the coppe
water sgoluble and a pmt on ¢
smelting the high grade conces
fuce n highly concentrated co )p-

'tLe €o ﬂce“hauel copper 3

prod rated copper oxi

the ed copper oxi “;e i
golutior ract the copper,

the res g copper soiution o deposit
copne ra nd genem:w acid, returning t

rated acid solution to fbe ne

Jper oxide and repeating the ¢ "-5' cle, leach-

s the roasted low grade comzont ate to ex-

t the water soluble copper, and adding the

soluble copper solution to the concen-
opper oxide leaching and electrolytic
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3. A process comruomg, treating copper
ore to separate a high grade and a Tow grade
concentrate, roasting bh“ low grade concen-
trate, sme 1 r the 1’0h grade r‘oac ﬂ‘t‘r-mte to
prodmﬂ concentra
ng Lﬂn coneen
{:]_"I("Q

oo
el

tra tn 1 copper svlol hide to prc—
cncentrated copper oxide, separatel ly
wching the roasted low grade concentrate
:nd the concentrated copper cxide, adding’ ¢
e richer and purer porfion of the co opper
tution resulting from 1 a\,hl'il‘_" the roasted
w grade concentrate to the richer and purer
lution obtained from leaching the concen-
teh. copper oxide, and eihcwoly/mg the
soluuon.

4. A process comprising, treating copper
ore to separate a high owde and a low grade
cone ntraue 1‘0&012100‘ the low arade concen-
trate, smelum" the Hioh grade concentrate £o
pro oduce concentrated copper sulphide, roast-
ing the concentrated copper sulphide o pro-
duce concentrated copper O‘;ld@, separately
1 aching the roasted Iow grade concentrate

nd the concentrmed copper oxide to extract

e copper, electrolyzing the richer and purer
copner solution obtaine ed from leaching the
roasted low grade concbncmte and the con-

centrated copper oxide in one electrolytic cir-
cmt and electroiyzing the relative 1’71 ean and
’1‘1’1‘3’11‘0 copper solution obtained from leach-
ing the roasted low grade concentrate and
the concentrated copper oxide in
electrolytic circuit,
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5. A process comprising, tredting copper
ore to pro\lace a copper coﬂcentraue smelt-
ing the concentrate to matte med-tmg the
matte to ehmmﬂte sulphur and slag off iron
S0 as to produce a concentrs 31 copper 11—

phide, roasting a portion of ths concentrate
co Dﬂ“ sulpluae to preduce co entrmefl
copper oxide, leaching the concen ated COD
per oxide to extract the copper, el echy olyzmo

the resulting copper solu’moq to deposit the
copper and 1“eoener'at cid, treating another
portion of the concentrated copper sulphme

L tion of tn\, concu*ir%ﬂcx copper

7

limina Le more

1 .
npure m

sulphur so as to produce
allic copper, casting the impure
ver into anodes, and re ﬁ; "nrr the

copper sowflo:n obtai from
e concentrated copper oxlde.
nmpr sing, smelting copper
1t atte, treating the matte to
ate su’!.ph and iron ¢ g0 as to produce
concentrated copper sulphide, roasting a por-
Shlp]h(le to
nroduce concentrated copper oxide, leach-
ing a portion of the concentrat copper
oxide to extract the copper, electrolyzing the
ssulting copper solution to deposit the cop-
per and regenerate acid, applying a portion
of the concentrated copper oxide fo a portion
of the heated copper. sulphide to eliminate
sulphur so as to pro oduce 1 impure metallic cop-
per, casting the resulting imvure metallic
copper into c.__odes and eloctrdvmc ally refin-
ing he anodes with the copper solution ob-
tained from leaching a portion of the concen-
Lrawﬂ copper oxide.

7. A vprocess comprising, treating copper
ore to senarate a high grade and a low grade
copper concontr“tu, roasting the low grade
concentrate, leaching the roasted low grade
conee mmte to extract the copper, smelému

e high grade concentrate to produce con-
“onurateo copper sulphide, roastlno the con-
centrated copper sulphide to Lredaco copper
oxide, applying the copper oxide tothe copper
solution obtained from leaching the roasted
low grate concentrate, and elect: relyzing the
solution.

8 A process comprising, treating copper

re to separate a high grade add a low grade
copper concentrate,ro astmcrthe low O‘rwde con-
cent rate, treating the hwh grade concentrate
to convert a portlon of the conper to the con-
centrated copper oxide and a portion to the
impure metallic copper, leaching the roastad
low grade concentrate to extract the copper,
treating the resulting copper solution with
the concem rated copper oxide and refining
the impure metallic copper in the copper so-
tution as the electrol yte.

9. A process comprising, senfwatmov copper
ore into a high grade and a low g: rade copper
coqcentmte, roasting the low Omde concen-
trate, to make a portion of he copper water
soluble and a portion acid sohlLle, leaching
the roasted low grade concentrate to extract
the water soluble copper, smeltmg 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 compriging, treating copper
ore to separate a high gradb copper concen-
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a low grade copper residue, treating
evade concentrate to produce con-
1 copper oxide, leaching the econcen-

ted cepper oxide with an acid sclution to
ctract the copper, electrolyzing the copper
solution o deposit the copper and regencr-
ate acid, treating metal sulphide with the
regencratad acid solution to produce hydro-
gen sulphide, and precipitating copper from
Tean or foul solutions with said hydrogen
sulphide.

1l. A process comprising, treating copper
ore to separate a high grade copper concen-
irate and a low grade copper residue, smelt-
ing the high grade concentrate to produce
concentrated copper sulphide, roasting the
concentrated eopper sulphide to produce con-
centrated copper oxide, leaching the concen-
trated copper oxide with an acid solution to

ne

AV

' oxtract the copper, electrolyzing the eopper

solution to deposit the copper and regenex-
ate acid, and applying the regenerated acid
solution to the low grade copper residue to
extract the copper therefrom.

12. A process comprising, treating copper
ore containing rare or precious metals to sep-
arate a high grade and a low grade copper
concentrate, smelting the high grade concen-
trate to obtain concentrated copper suiphide,
roasting the concentrated copper sulphide to
obtain copper oxide, leaching the copper cx-
ide to extract the copper, returning the
leached residue to the smelting furnace and
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 copper
concentrate containing precious metals to
concentrate the precicus metals into concen-
trate! metal sulphide, roasting the concen-
trated metal sulphide, leaching 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-
Iytic metal.

14. A process comprising, treating copper
ore 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 ch-
taining a relatively lean and relatively im-
pure copper solution, smelting another por-
tion of the concentrate to produce an impure
concentrated copper product, casting the im-
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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ticn obtained from leaching the roasted cop-
per concentrate as the electrolyte.

i5. A process of treating copper concen-
trate comprising, smeiting the concentrate to
matte, electrically heating the matte to dis-
sociate the sulphur and iren 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-
nate more sulphur.

16. A process comprising, treating copper
ore to separate copper concentrate, roasting
a porticn of the concentrate to make o 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 vemaining acid soluble copper, scp-
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.

17. A copper extraction process compris-
ing, {reating copper ore to separate a high
grade and a low grade copper concentrate,
roasting and leaching the low grade concen-
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. GREENAWALT.
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