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UNITED STATES

PaTENT

PAUL G. L. G. DESIGNOLLE, OF PARIS, FRANCE.

METHOD OF TREATING COPPER ORES CONTAINING PRECIOUS METALS.

SPECIFICATION forming part of Letters Patent No. 243,673, dated June 28, 1881,

Application filed January 19., 1881.

{No model.)

To all whom it may concern :

Be it known that I, PAUL GUSTAVE LOUIS
(xABRIEL DESIGNOLLE, of Paris, in the Re-
public of France, have invented a new and
useful Improvement in Treating Copper Ores
Countaining Precious Metals, which improve-
ment 18 fnl]y set forth in the following specifi-
cation. |

This invention relates fo the treatment of
copper ores which contain gold and silver or
other precious metals, and has for its object to
extract the metals from the ores by the aid of
amalgamation, and to separatethe copper from
the precious metalscontained in the compound
amalgam. = It comprises as well the apparatus
hereinafter described, whereby the treatment
1s or may be carried on, as the methods or pro-
cesses constituting said treatment.

1 have ascertained that in treating by.the
electro - chemical amalgamating process de-
scribed in Letters Patent No. 228,970, granted

- to me June 15, 1880—that is to say, with a so-

lution of mercuric chloride (corrosive subli-
mate) to which a small quantity of sodium
chloride (common salt) hasbeen added inpres-
ence of Iron—copper wmatts or sulphureterl
ores containing copper and gold or silver, or
both, an amalgam containing the copper and

- precious metalsisobtained; but thisamalgam1s
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hard,pulverunlent,and set inthemassor gangue
1T only the proportion required to produce the
theoretic copper amalgam (CuHg) isemployed.
The amalgam, however, becomes pasty and
susceptible of collecting upon amalgamated
plates, provided a sufficient quantity of metal-
lic mercury is added. Ihave also ascertained
that the same results are obtained in treating
certain other compounds of copper containing
the precious metals—such as the subsulphide

of copper, (CuyS,) the antimoniuret, the ar-

seniuret, the sulphantimoniuret, and sulphar-
seniuret of copper, and even the copper oxides,
(Cup0,Cu0.) 1t mustalso beunderstood that
the process is applicable where the ore con-
tains only copper in one or the other of the
forms mentioned without precions metal.

The first part of the invention, with rela-
tion to the amalgamation, therefore, has reter-
ence partxeulal]y to the followmg points, to
wit: the treatment of auriferous and argentif-
erous copper matts with or without leed; the
direct treatment of gray copper, antimoniated

| and arsenated, auriferous and argentiferous,
after a simple roasting, without being con-
verted into matts; the direct treatment, for
copper, gold, and silver, of the material re-
sulting from roasting certain kinds of pyrites
in order to extract the sulphur for use in the
' manafacture of chemical products—notably

the chlorination by salt (sodium chloride) of the
‘above-mentioned materials, as herctofore prac-
ticed, and of the treatment with 1odides to ex-
tract the silver.

The simplicity of the im proved Process per-

- minerals, but also to those too poor for expor-
tation.

As already pointed out, I have ascertained
that copper pyrites eontalnmg oold or silver
in quantities more or less important are amal-
gamable by the electro-chemical process with-
out requiring to be roasted; but the amalga-
mation takes place,if poselble, still more reed
ily when almost all of the sulphur has been
removed by roasting. lofact,thesubsulphides
of copper (Cuy3) and the oxide as well are
amalgamable electro-chemically, and yield up

“all the copper to mercury. It is of little con-
sequence, therefore, if the copper sulphide be
converted by thorough roasting into oxide,

- (Cu,0 or Cu0,)since,asexperience has proved,

in that condition the copperis also amalgama-
ble by my eleetro chemical process. I have

also ascertained that the copper can be sepa-.

rated from the gold, silver, or precious metals

‘in compound amalgams obtained by treatment

of auriferous or argentiterous ore by the elec-
tro-chemical process by an action of liquation,
which takes place in distilling the compound
amalgam. This portion of the invention is,

however, also applicable to the treatment of

compound amalgams obtained in any suitable
way, as by trituration with metallic mercury.

skilled in the art to which the invention apper-
tains to make and use the same. The process
will be explained in connection with the appa-
ratus preferably employed In carrying it into
effect and illustrated in the accompanying

speeiﬁcetion, and in them—- |
Figure 1 represents, in side elevation, the

| the pyrites of San Domingo, Tarcis, Rio Tinto,
andothersof the sameclass; the suppression of

mits the same to be applied not only to rich

The following description will enable those

drawings. These drawings form a part of this
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apparatus for disintegrating the ore; Fig. 2,
the samein vertical section ; Fig. 3, one of the

~ crushing-rollersin elevation and cross-section;

O
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Fig. 4, one of the rollers used in the amal-

gamatingapparatus,alsoinelevationand cross-
section ; Figs. 5 and 6, an apparatus for sepa-

rating the amalgam from the gangue by dif-

ference in the specific gravity; and Figs. 7Tand

8. the apparatus for distilling the amalgam,
Fig. 7 being a view, in cross-section, of the

crucible for containing the amalgam and cham-
ber for-receiving the crucible; and F¥ig. 3, a
view of the crucible, receiving-chamber, and
furnace in longitudinal section, and of a car-

riage for transporting the crucible in eleva-

tion. | | |
The disintegrating apparatus comprises a

cast-iron drum, @, which is supported by a

‘shaft turning in bearings, and is provided with

a gear-wheel, b, and a nnmber of metallie (cast-

iron) crushing-rollers, ¢, of a length mearly |

equal to that of the drum and of a diameter
varying according to the hardness of the ore
and the interior dimensions of the dram.
shown, there are five of these rollers. They
are loose within the drum. A pinion on a

counter-shaft, driven by the. aid of suitable

~ belt-pulleys, b/, engages with the gear b and re-

30

volves the drum «. The latter is provided
with an opening on the periphery toadmit the

ore, and also with an outlet, d, in one end for

permitting the crushed or pulverized ore to
run out. The opening on the periphery is pro-

~ vided with suitable devices for tightly closing
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‘the same, and the outlet d has a gate, whichis
controlled by the hand-wheel ¢ by means of a-
~wheel and pinion.

The outlet discharges into
a funnel, £, which carries off the ore.

The amalgamator differs from the disinte-
orator mainly in the form of the crushing-roll-
ers, which, as shown in Fig. 4, have helicoidal
ribs. The object. of this is to allow all the
amalgam or mass containing the same to be
readily drawn off from suitable openings 1n
the lower part of the drum. The contact of
the ribs with each other and with the interior
of the drum being only at isolated points,
spaces are left for the free passage of the ma-
terial.

The separating apparatus, Figs. 5 and 6,
consists of a large vessel, A, and a smaller
vessel, B, placed under the larger vessel and
communicating with it at the bottom, as shown
in Fig. 5. In the center of both vessels 18 a
revolving shaft, D, to which is attached, just
above the bottom of the large vessel, a scraper,
C, and to the lower end, which extends into
the vessel B, a screw, E, of cast-iron.
large vessel is provided with outlet-pipes I,
and the smaller vessel with an outlet, (. Suit-
able cocks control the outlets.

The distilling apparatus, Figs. 7 and 8, com-
prises areceiving-chamber, H, which is or may
be of cast-iron, supported in a furnace, 1, so as
to leave free space around it for the passage of
the product of combustion. The receiving-

chamber has a cap or hood, O, for carrying off | ed. After the addition of the mercury the.
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the products of distillation which are to be
conveyed to a condenser; and both said cham-

‘Dbers and the furnace Lhave doors J J/ to give

access to their interior and to allow the eruci-
ble K to be introduced and removed as re-

quired. This erucible is rectangular, and 1is
provided with a hopper-shaped bottom. Ithas
75

A carriage, N, which runs upon a track in

rollers Li, which run upon rails M, part of which
are secured to the interior of the chamber H.

front of the furnace, is adapted to receive the

crucible, to convey it from place to place.
Having now explained the apparatus, 1 will
proceed to deseribe the process.

The copper ore containing precious metals,
together with a sufficient quantity of water, is
introduced into the drum a of the disintegrat-
ing apparatus, which is then put in motion.

After a suitable time the drum is stopped, and

the more fluid portions in the upper part of
the drum are drawn off through the outlet d,
thelargeuncrushed portions of the ore remain-

ing in the bottom of the drum for further disin-

tegration with a new charge of ore and water.

The portion drawn off is passed through sev-
eral decantation or settling tanks, provided or
not, as may be desired, with agitators. In

these the finer particles are separated from
those which have not been sufficiently reduced
and the latter are returned to the drum a.
The last tank is provided with a double per-
forated partition or bottom, and a layer of
spongeinclosed between the two plates, where-
by the solid matters, even the smallest parti-
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cles, are retained, and only the clear liquid 18

allowed to flow off. The pulverized ore 1s col-
lected, and, with a sufficient quantity of water

to render the mass semi-fluid, and a suitable
weight of mercuric chloride (corrosive subli-
mate) to which common salt has been added,
is placed in the iron drum of the amalgama-

tor. | |

In order to use the minimum quantity of
mercuric chloride this should bein the propor-
tions required to give one equivalent of mer-
cury to two equivalents of copper, and, in ad-
dition, the proper amount for the precious met-
als., It is well to introduce into the mass in

the amalgamator, in order to diminish the con-.
sumption of the metal of the drum, iron in the

form of scales, or simplyin thespongy condition
in which itis obtained by calcining in presence

of carbon ferric oxide (peroxide or sesquiox-

ide of iron, Fe,O;) the residue from roasting
pyrites. The amalgamatorisset in operation

and is revolved until the mercuric chloride has
It will be understood that

been decomposed.
under the conditions named the resulting amal-
ocam has not the characteristic buttery con-
sistence of the theoretical amalgam, since the
mercury in the chloride corresponds with half
only of the weight of copper to be dissolved.
It may be said that the amalgamation is sim-,
ply begun. To complete it a quantity of me-
tallic mercury equal to that contained in the
first charge of mercuric chloride must be add-
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rotation of the amalgamating-druam is contin- ] ciple, so far as I am aware entirely new, and

ned until amalgamation is complete. The to-

tal weight of the metallic mercury to be added, |

in order to insure the good execution of sub-
sequent operations, should be abount four times
oreater than that necessary to obtain the the-
oretic amalgam, (CuHg.) The addition of this
supplementary quantity of mercury has for
its object to render the amalgam very fluid, to
allow it to run together in the mass, and con-
sequently to effect an almost complete separa-
tion of it from the gangue by displacement,
leaving but a small portion of it to be removed
from the gangue by amalgamated plates.
The treatment of copper ores gives rise to
a considerable quantity of amalgam, which 1t
would be impossible to recover upon the re-
ceiving-plates without hability to great loss,
and without interfering with the good working

of the apparatus, and therefore, after leaving

the amalgamating apparatus the ore, instead
of passing directly onto amalgamated plates
for collection, 1srun 1nto the separating appa-
ratus A B, Figs. 5 and 6, already described.
Thematerialsfromoneormore amalgamatorsis
introduced and a quantity of water—say about
four times its volume-—is added to the mass,
so as to render it very fluid. The center shaft,
D, is revolved, and the seraper C and screw L
stir np the material. The globules of amal.
oamn run together and fall into the lower ves-
sel, B, where they accumulate, by reason of
their greater density. The movement of the
screw H in this vessel aids in washing and sep-
arating the amalgam from impurities. Asthe
operation proceeds the amalgam coutinues to
collect until only a few globules remain sus-
pended in the gangue. The fluid mud 1s then
drawn off from the upper vessel through the
pipes F into a small mixing apparatus of or-
dinary construction placed above the collector
with amalgamated plates, and in this appara-
tus a fresh supply of water is added. On the
amalgamated plates the small remaining por-
tions of the amalgam are collected. The col-
lector preferably employed is one. composed
of a series of rotary plates alfernating with
a series of fixed plates, as described in Let-
ters Patent No. 228,806, grauted to me on the
15th day of June, 1880. As for the ligquid
amalgam which collects in the vessel B, fresh
wateris added and churned with 1t by the ac-
tion of the screw E. The water removes the
last impurities from the amaigam, which 1s, ai-
ter a sufficient washing, ready to receive the
final treatment in connection with that col-
lected from the gangue by the amalgamating-
plates. The amalgam thus obtained, being

well washed and cleansed from impurities, is

strongly compressed in a chamois-skin, so as
to express as much as posssible of the mer-
cury, and is then subjected to distillation to
drive off the rest of this metal associated with
the copper, gold, or silver. If is in this dis-
tilling operation that tbe separation of the
copper and precions metalsis effected—a sep-

of which the explanation 1s as {ollows:
Whenever a compound amalgam containing
copper in connection with gold, silver, plati-
num, and other simple bodies of the series 18
subjected to distillation in a suitable vessel,
the precious metals become separated and oc-

cupy the bottom of the vessel, while the cop-

per in the form of a spongy mass occupies the
upper part. During the distillation then a
true phenomenon of liquation of the amalgam

takes place, a phenomenon not heretofore ob-

served or nsefully applied. Copper amalgam,
when heated to about 300° centigrade, pos-
sesses the property of being swelled or puffed
out as the small bubbles of mercury escape,
while the amalgams of . gold, silver, platinum,
&e., abandon the mercury associated with
them without swelling. When, therefore, a
compound amalgam, such as indicated above,
in which copper predominates is subjected fo
distillation, the mass liquefies a little ander
100° centigrade,and the amalgams place them-
selves one above another in the order of their
density, the copper amalgam being at the
top, for there is no chemical combnation of
the different amalgams, but a simple mix-
ture. When the temperature reaches 500°
centigrade the copper amalgam is swelled
considerably by the drops or bubbles of es-
caping mercury, which begin to volatilize;
but the amalgams of precious metals remain
lignid and occupy the bottom of the vessel.
It the distillation be then pushed, the swelled
amalgam does not change its state. 1t loses
its mercury, leaving at last a spongy body,
clearly separated from the precious metals,
which, also deprived of the mercury previously
associated with them, occupy the bottom of
the vessel. The spongy copper being easily
separated by a knife, it only remains to cut
throngh the mass, following the clear line of
demarkation between the copper and precious
metals. Being chemically pure, the copper is
then melted and run into bars ready for sale;
or, if it be desired to avoid melting the copper,
it ean be agglomerated into ingots by strong
pressure.
a small proportion of copper are in that state
best adapted for refining. Ior the complete
success of the operation the copper amalgam
should predominate, should indeed be largely
more (one hundred times greater) than the
amalgam of gold and silver. The compound
amalgam, before being distilled, should be

The precious metals containing yet
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strongly compressed, and the distillation

should from thebeginning be conducted slowly
and with great care, the temperature during
the whole operation not passing 400° to 500°
centigrade. |

12§

In carrying on the distillation with the ap- -

paratus described (see I'igs.7and8) theamal-
gam is placed in crucible K, and this ig run

into the receiving-chamber H, wherein the dis-

tillation takes place. The interior ot the crn-
cible is lined with ferric oxide, in order to pre-

aration which is based upon a secientific prin- | vent adherence between the cake of copper

130
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and the walls of the crucible. The doors be-
~ ingclosed, the operation begins. The mercury
vapors as they distill are carried off through
the cap O to the condenser. When the dis-
-5 tillation is ended the precious metals will be
found to have accumulated in the hopper-
shaped bottom, while the copper in a spongy
state rests in the upper part.
copper 1s removed entire by cutting it from
ro the inverted truncated pyramid composed of
preciouns metals.

It 1s obvious that other forms of apparatus
than those described can be used for carrying
ouf the process. Ifor example, the pulveriza-

15 tion of the ore can be effected in the dry or wet
state by crushing machinery of any ordinary
or suitable coanstruction that will reduce the
ore to the desired degreeof fineness, and other
amalgamating apparatus containing iron can

20 be employed. The crushing and amalgamat-
1ng apparatus described are considered best
adapted to the purpose. They are not claimed
herein, but are reserved for separate applica-
tion.

25 Having thus fully descmbed the sald inven-

tion and the manner of carrying the same into
effect, what I claim, and desire to secure by

Letters Patent, is—

1. The method of amalgamatingores or other
materials containing copper, copper oxides,
copper salts or sulphides, antlmomulets Or ar-
seniurets of copper, by applying thereto the
electro-cheinical amalgamating process—that

18 to say, by triturating the pulverized copper

35 ore with mercuric chloride with addition of
chloride of'sodium in presence of metalliciron—
and employing in said process a proportion of
mercury, such as indicated, so as to obtain the
copper amalgam in condition for collection, as

40 hereinbefore described.

2. The method of amalgamating copper orcs

30

The cake of |

by beginning the amalgamation by the electro-
chemical process, and then adding metallic
mercury 1n the proportion substantially as de-
scribed, so as to obtain a pasty amalgam ca- 45
pable of agg]omemtmg and collecting, as set
forth.

3. In the amalgamation of copper ores, the
method of effecting the separation of the amal-

gam fiom the gangue by rendering the amal- go
gmn pasty or fluid with mercury, separating
the larger part by displacement 1n a suitable
apparatus and recovering the remainder up-
on amalgamated plates, bubstantmlly as de-
scribed. 55

4. The method of separating copper from
precious metals contained 1n a compound amal-
gam by simple distillation, giving rise to the

phenomenon of lignation, substmtmllj as de-
scribed. 6o

b. Themethod of recovering copper and pre-
cious metals from copper ores by forming a
pasty orfluid compound amalgam of the metals,

. as described, separating the greater part of

sald amalgam by displacement, and collecting 65
the rest upon amalgamated plates, distilling
the amalgam, as explained, and dividicg the
spongy copper {from the precious metals.

6. The distilling apparatus comprising a re-
ceiving-chamber with cap for carrying off the 4o
products of distillation, crucible with hopper-
shaped bottom, rollers supporting said cruci-

‘ble, and track on the interior of the receiving-

chamber, substantially as described.

Intestimony whereof Lbave signed thisspeci- 75
fication 1n the presence of two subscribing wit-
nesses.

PAUL GUSTAVE LOULS GABRIEL DESIGNOLLE.

Witnesses:
EUuaG. DuBoOIs,
R. CHAPITAT,.
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