(No Model.) 2 Sheets—Sheet 1.

V. ENGELHARDT. _
PROCESS OF EXTRACTING METALS FROM SULFIDE ORES, &e.

No. 531,169. : Patented Deoc. 18, 1804,

|

' Lnwertor.
@% / Bvand. - Vector Engelhards

THE NORRIS PETERS CO., PHOTO-LITHO. WASHINGTON, D. G.




(No Model.) o B : . 2 Sheets—Sheet. 2.
‘ V. ENGELHARDT.

. PROCESS OF EXTRACTING METALS FROM SULFIDE ORES, &c.
No. 531,160, Patented Dec. 18, 1894,

- 'e
g N s

.1

e .

me— H |
N = S =]
R
= -
c‘;E_L:.: 3 — __:LN
< [E :
N — 33 ]
N = T Y
Q
7]+ ] b —
"*_L:::: — [ —'E
‘ ; fad
Z\,L——-_'L{ﬁ ] S

i o I_

| y % ‘
o l E ', L ?
, ATTORNEY

o PHOTO-LITHO,, WASHINGTON, D. €.




UNITED STATES

PaTENT OFFICE.

VICTOR ENGELHARDT OF VIENNA, AUSTRIA-HUNGARY, ASSIGNOR TO
‘ SIEMENS & HALSKE, OF BERLIN, GERMANY.

PROCESS OF EXTRACTING METALS FROM SULFIDE ORES, &o.

SPECIFICATION forming part of Letters Patent No. 531,169, dated December 18, 1894,

* Application filed Janunary 21, 1893, Serial No, 469,224, (No specimens,) Patented in Germany J'une 29, 1892, No, 67,973; in

. Austria July 5, 1892, No, 84,413; in Hunga,ry July 5, 1892, No. 53.757, in France October 24, 1892, No, 225,145; in Italy.
October 26, 1892, No, 82,9065 in Spam December 21, 1892, No, 18,898, andin 1 England August 19, 1893, No. 18,966,

To all whom it may concern

Be it known that I, VICTOR ENGELHARDT,
a subject of the Emperor of Austria-Hun-
gary, residing at Vienna, in the Empire of
AustriasHungary, have invented certain new
and useful Improvements in an Electro-Chem-

" ical Process for Extracting Metals from Sul-
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fide Ores, &c., (for which- I have- obtained
Letiers Patent in Germany, No. 67,973, dated
June 29, 1892; in Great Britain, No. 18,966,

dated August 19,1893;in France, No. 225,145,

dated October 24 1892 in Ttaly, No. 32, 905
dated October 26 189a, in Spam, No. 13 898,
dated December 21, 1892; in Austria, No
34,413, dated July 5, 1892, and in Hungary,
No. 53 757, dated July 5, 1892) of which the
followmg isa speclﬁcatlon

My improved process relatestoanim proved.

process for effecting the electrolytic-decom-

position of metallics sulphides, and other com-
pounds of metal and sulphur, whether natu-
ral or artificially produced, and it consists in
an improved process of accomplishing such
electrolytic decomposition -and recovery of
the metal in & pure state, and of by the same
process recovering certain foreign metals

‘which are frequently found in the sulphide

ores, which will be hereinafter fullydescribed
and particularly pointed out in the claims.
It is well known that the compounds of an-
timony, arsenie, &e., with sulphur are easily
soluble in the alkaline sulph-hydrates, and
that metallic arsenie, antimony, &c., are

readily precipitated by electrolysis from their

combinations with such alkaline sulph-hy-
drates. In none of the processes heretofore
used, however, has the liquid. of the anode
been ‘separated from that of the- cathode.
The resultisthatwhile the antimony, arsenie,
&ec., are precipitated and obtained in a pure
state, the alkaline sulph-hydrate, which is re-
formed by the electrolytic action, and indeed
acts only as a carrier for enabling the metal
of the sulphide to be put in proper form for
electrolytic action, is not separate and in a
condition to be used over again, and can at
best, be only partially reused, alarge propor-

tion of it being lost-for the purposes of the

process. Moreover, these processes have pro-
vided no means for obtaining the metals, such
as gold, silver, copper, mercury, bismuth,
nickel, zine, &ec., which are frequently found
in paying quantities in the sulphide ores.
The objeet of my invention is to provide
an improved process for the electrolytic treat-
ment of metallic sulphides by the use of
which not only will the metal of the sulphides
berecovered, but all of the alkaline sulph-hy-
drate will be obtained in a condition to be re-
used, and, further, provision wili be made for

‘recovering such foreign metals as may be

found in the sulphide ores.

The process which I use to accomplish the
above stated object of invention consists in
treating such natural or artificially produced
sulphides in a finely divided condition with
an alkaline sulph-hydrate to form a solutionof
the sulphide, thereby generating sulphureted
hydrogen; subjecting the solution thus ob-
tained to electrolytic action in the cathode
compartment of an electrolytic cell in which
theanode and cathodedivisions are separated
by suitable septa,~(which is however impervi-
ous to the anode and cathode hqluds,) the
anode compartment of the cell containing a
liquid, such as sodium chloride, which will be
decomposed by theelectrolyticaction withthe
generation of a gas which will act to dissolve
out the foreign metals from the ore residues
of the sulph-hydrate bath; thereby obtain-
ing the metal to be recovered ina pure state,
and reforming the alkaline sulph-hydrate, so
that itisin a “condition to be again used; ex-
tracting the foreign ores from the ore res1dues
of the sulph hydrate bath by means of the gas

‘generated in the anode compartment of the

electrolytic cell; and finally subjecting the
solution thus formed to the action of the sul-
phureted hydrogen generated in the sulph-h y-
drate bath. .

The metals which are pI‘lIlCldey apphca,ble
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to this process. are antimony and arsenie, .

whether mnaturally or artificially produced.
Such sulphides are.found in large quantities
in nature, and usually in combma,tlon with
some one or more of the foreign metals pre-
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viously mentioned. They are also produced
artificially, as for instance in the form of a
by-produet in copper smelting works.

In the drawings which acecompany and form
a part of this specification, T have represented
one form of apparatus which may be used in
carrying out my invention.

.Figure 1 is a perspective view of such ap-
paratus, with portions thereof removed in
order to show the construction. Fig.2isa
diagram of the circuits in connection with the
generator and a battery. Fig. 3 is a longi-
tudinal section of the battery itself.

In my process, the finely ground ore con-

taining sulphide of arsenic or of antimony is

passed from the grinding mill A, in which the

material has been reduced to the proper de-

gree of fineness, by the pipe A’ to the ex-
traction vessel B, which is charged with a
solution of alkaline sulph-hydratecapable of

dissolving the sulphur compounds of arsenic !

and antimony from their respectiveores. The
reaction which takes place is as follows:
For antimony, ‘
Sb,S, 6N HS =(Sb,S,3Na, 8)4-3H,S.
Sb:Sf—‘I{:GKHS=(Sb2§338K-QS§+3H2S.2
Sb3Sy--6NH ,SH = (85,8, 5N H., ), 8)--3H,,S.
For arsenie,
A8,Sy~6NAHS —(A5,8,3Na,8)~3H,8.
ASySy—OKHS — (As S 3K, S H,8.©
AsySy—6NH,SH—(A8,S;8(NH,)o8)— SH,S.
In the extractor the mass is subjected toa
temperature of about 212° Fahrenheit, and is
thoroughly agitated by means of the stireers

B’,whicli are operated in anysuitable manuer.

After the extracting action has been carried
on long enough, the resultingsolution of com-
pound sulphide and ore partieles suspended
therein are conveyed by means of the pipe C
to a filtering vessel D (one end of which is
removed in the drawings to show the con-
struction), whence the solution is eonveyed
by the pipe K to the filter F. The rotary
pump Y affords the means for obtaining the
desired circulation throughout the entire sys-
tem. The suspended ore particles remain
upon the bottom of the vessel D, and may be
removed to be again treated. Thefiner par-
ticles constitutethe precipitatewhichremains
in the filter F, while the filtrate passes by
means of the pipe G and. the branch pipes
1—7 to the cathodes x of the electrolytic pre-
cipitating apparatus H, which is divided by
diaphragms into anode and cathode compart-
ments. Thediaphragms used should be such
as to offer 'a minimum resistance fo the pas-
sage of the current, but to prevent as far as
possible the diffusion of the two electrolytes
contained respectively in the anode andeath-
ode compartments. This is best effected by
rapid circulation, and by the use of dia-
phragms of colloid materials, such as isheet
asbestos boiled in gelatine ‘and the like.

The ‘anode compartments are closed .gas
tight, for a reason which will be hereinafter

mentioned, and they containinsolubleanodes,

such as carbon, platinum, &e, while the cath-

531,169

ode compartments are open, and generally
contain metal plates, such as copper and anti-
mony, as cathodes.

The precipitating action occurring at the
cathode may be expressed by the following
reactions:

For antimony,
{Sb,S43N8,8)+-GH=Sb, -6NaHS,

3K, &) +-6E =Sh, | 6KHS,
(Shy8 3(NFL),S)--6H 2 8b, -+ 6NH, HS.

For arsenie,

(Asgs33Na§ﬂ—é—§{f£iAsg—g£I§szsHs.

(Asisié(rfﬂi)QS)%Hsi'ng 6N, HS.
The extracted antimony and arsenic will thus
be completely precipitated, and at the same
time the sulph-hydrate is reformed, and in a
condition to be reused to take up new quan-
tities of arseniec, antimony, &ce. The sulph-
hydrate is returned through the branch pipes

a~—g and the main pipe R to the mixing ves.

sel or extractor B to be used over again.

The nature of the liquid which circulates
through the anode compartments of the elec-
trolytic cell depends somewhat upon what
metals are being treated, but in any case is
a liguid which is decomposed by the electro-
lytic action, with the liberation of a gas which
will act upon the ore residues resulting from
the extraction bath in the vessel B, and dis-
solve out such valuable metals as may be
there present.

Thus if the antimony ore treated contains
gold, silver, eopper, mercury, bismuth, zine,
cobalt, or nickel, the anode electrolyte may
be an ‘alkaline chloride, which during the
electrolysis develops free chlorine. The al-
kaline chloride is introduced into the anode
compartments by means of the pipe N, and
the branch pipes I to VI, inclusive, and the
free .chlorine developed, together with the
anode liquid, is conveyed by means of the
branch pipes VII to XII and the main pipe
O to the vessel I. In this vessel have previ-
ously been placed ‘the ore residues collected
in the filter D, and the chlorine, acting upon
this residue, and being thoroughly agitated
therewith by means of the agitators I’ I’, dis-
solves out any gold, silver, mercury, copper,
bismuth, zine, cobalt, or nickel that may be
present. The solution thus formed is then
separated from the gangue by means of the
filter J, the contents of the vessel I being con-
veyed thereto by means of the pipe 2. The
solution is collected in the filter L, and is
there treated with ithe sulphureted hydrogen
generated in the extractor B, the sulphureted
hydrogen being -conveyed thereto by means
of thepipeM. Thefurther reduction of these
metals is carried out by known processes, and
forms no part of this process.

The ‘guantities of alkaline sulphides and of

1 ehlorine required for the above desecribed

process, as ‘also for making igoed the losses
thereof that 'will result in practice, are pre-
paredin an electrolytic vessel P by the de-
composition of alkaline chlorides, and by the
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introduetion of sulphureted hydrogen into
the cathode compartments. The alksline
sulphides thus formed are conveyed by pipe

" 1 to the extractor B, and the chlorine by the

I0

15

pipe 2 to the extraetor I. The sulphureted
hydrogen is introduced through the pipe 3.

The eonnection of the electrolytlc cell H to
the dynamo Q by means of the conductors T
and U, and also the connection of the elec-
trolytlc cell P to said dynamo is shown in
Fig. 3.

The extraction process thus described can
be used with all metals which form soluble
double sulphides when treated with the alka-
line sulph-hydrates, and besides arsenic and
antimony, I may mention gold, platinum,

. tellurium, molybdenum, and tin ores assuit-
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,30

able for treatment with this process.

The processmay becarried on either at the
ordinary temperatures; or with the apphca-
tion of heat.

-Having thus fully descubed my invention,
what I clalm as new, and desire to secure by
Letters Patent, is—

1. The herein described process of treating

.the sulphur compounds of metals, which con-

sists in extracting the metals by treatment
with an alkahne sulph-hydrate, subjecting
the solution thus formed to the action of an
electric current in the cathode compartment
of an electrolytic cell, in the anode compart-

“mént of whichis a solutlon of a suitable salt,
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which, under electrolytic action, is chanved
in its chemlcal properties, thereby o]ot;aunm(r
the metals, reforming the alkaline sulph- hy-
drate, and changing the characteristics of the
anode liquid, substantlally as described.

2. The herein described process of treating

the sulphur compounds of metals, which

compoundshave nnited therewith compounds
of other metals not soluble in a solution. of
an alkaline sulph-hydrate, which consists in
extracting the sulphur compounds by treat-
ment Wlth an alkaline sulph-hydrate, subject-
ingthesolution thus formed to theaction of an
eleetrlc current in the cathode compartment
of an electrolytic cell, in the anode compart-
ment of whichis a solution of a suitable salt,
thereby obtaining the metals, reforming the
alkaline sulph- hydrate, and ehanomg the
characteristies of the anode liquid, and treat-
ing the ore residues resulting from the sulph-
hydrate bath with the anode liquid, substa.n-
tially as described.

3. The herein described process of treating
the sulphur compounds of metals, Whleh_
compounds have combined therewith other
ore compounds not soluble in a solution of
an alkaline salph-hydrate, which consists in

6o extracting the sulphur compounds by treat-

ment with an alkaline sulph-hydrate, thereby

liberating sunlphureted hydrogen,subjecting
the solution thus formed to the aection of an
electrie current in the cathode compartment
of an electrolytie cell, thereby obtaining the
metals and reformmg the alkaline sulph-
hydrate, forming a solution of the oreresidues
resulting from the sulph-hydrate bath,and
treating “the solution thus formed with the
sulphureted hydrogen resulting from the
sulph-hydrate bath, substantlal]y as de-
seribed.
4. The herein described process of treating
the sulphur compounds of metals, Wh1ch
compounds have combined therewith other
ore compounds not soluble in a solution of
an alkaline sulph-hydrate, which consists in
extracting the sulphur compounds by treat-
ment with an alkaline sulph-hydrate, thereby
also generating sulphureted hydrogen, sub-
Jectmv the solutlon thus obtained to the ac-
tion of an electric current in the cathode
compartment of an electrolytic cell, in the
anode compartment of which is a solution of
a suitable salt, thereby obtaining the metals,
reforming the alkaline sulph-hydrate, and
changing the characteristics of the anode
liquid, treating the ore residues resulting
from the suiph-hydrate bath with the anode
liquid, thereby obtaining the metals in such
residues in solution, and subjecting the solu-
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tion thus obtained to the action of the sul- -

phureted -hydrogen first generated in the
sulph-hydrate bath, substantlally as de-
scribed. -

5. The herein descrrbed process of treating
the sulphur compounds of metals, Whleh
compounds have combined therewith other
ore compounds not soluble in a solution of
an alkaline sulph-hydrate, which consists in
exfracting the sulphur compounds by treat-
ment with an alkalinesulph-hydrate, thereby
also generating sulphureted hydrogen, sub-
jeeting the solution thus formed to the action
of an electric current in the cathode compart-

ment of an electrolytlc cell, in the anode

compartment of which isan a.lkahne chloride,
thereby obtaining the metals, reforming the
sulph-hydrate, and liberating free chlorlne,
treating the ore residues 1esu1t1n0‘ from the
sulph- hydrate bath with such ehlorme, and
subjecting the solution thus obtained to the
action of the sulphureted hydrogen first gen-
erated in the sulph-hydrate bath, substan-
tially as described.

In testimony whereof T affix my signaturein

‘the presence of two witnesses.

' VICTOR ENGELHARDT,
Witnesses:
W. B. MURPHY.
A. SCHLESSING.
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