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Application filed November 2, 1900, Serial N_c_n 35,260, (No specimens. )

To all whom it muay concerm: |

Be it known that I, HANS A. FRASCH, a ¢iti-
zen of the United States, residing at Hamil-
ton, in the county of Wentworth and Province
of Ontario, Canada, have invented a certain
new and useful Improvement in Processes of
Recovering and Separating Metals from Their
Ores and Concentrates Thereof, of which the
followingisafull, clear,and exact description.

This invention relates to an electrolytic
process of recovering and separating metals

from bodies of greater or less complexity, and

more especially such as complex ores, matte,
slags, &c. - :
The object of my invention is to bring the
metals represented in ore, matte, and other
metal-bearing mineral substances into solu-
tion and at thesame time deposit from an in-
dependent electrolyte certain metals upon
cathodes, transmitting the solvent ions to
whatever ore or other mineral -substance is
used for anode, and thereby producing con-
stantly a fresh electrolyte at the anode, which
electrolyte may be of entirely different com-
position from the electrolyte acted upon by the
cathode, sothat by myinvention I am enabled
to exhaust an electrolyte in the cathode-com-
partment entirely from all metallic contents
and produce at the anode an amount of me-
tallic salts equivalent to the amount which
originally was present in the electrolyte of
the cathode. | B |
T am aware that soluble anodes have been
used for resaturating an electrolyte; but the
methods heretofore employed have not per-
mitted the production of an electrolyte at the
anode independent of and yet in contact with

- the contents of the cathode-compartment, so
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that, for instance, the chlorid of one metal
could be electrolyzed, the metal deposited at
the cathode, and the chlorin recovered at the
anode as the chlorid of another metal without
either of the electrolytes contaminating each
other.
purpose, and while electrolyzing a solution of
one or several metals contained in an electro-
lyte I may produce at the same time another
electrolyte of entirely different composition
in proportional quantities to the solvent ions
liberated by the anodes, and I may remove

the electrolyte from the anode and constantly | baths in such manner that a solution of so-
supply the cathode with an electrolyte other { dinm chlorid or any other salt of an alkali

]

By my invention I accomplish this |

of concentration.

than what the anode produces and from an
outside source. )

In carrying out my invention I take the

body containing the metals to be extracted,
and whether such body contains only those
metals or others, and utilize it in the form of

an anode as part of an electrolytic bath or .

a number of baths. The cathodes may con-
sist of any usually-employed substance, and
I prefer to use cathodes consisting of the

same kind of metal as will be deposited upon
them. |

"My invention is particularly applicable in

‘the treatment of copper-nickel ore or matte.

To treat such ore or matte and bring the met-
als contained therein into solution, I use such
ore or matte as the anode in an electrolytic

‘bath,in whichasolutionocfasaltof analkali—

such as sodium chlorid, (common salt,) for
instance, or any other salt of an alkali—forms
the electrolyte, ordinary carbon or copper
cathodes being employed. DBy electrolysis I
obtain caustic alkali or soda at the cathode,
while the chlorin combines with the metals
represented in the anode, producing the cor-
respondingsaltsof the metals. = Sulfur, silica,
and all non-metallic ingredients contained in
the anode remain as residuum. While I pre-
fer to do so, I do not limit my invention to
producing this initial solution in the manner
described, and the solution may be obtained
by chemical or any other processes. 1o en-
rich the metallic solutions and bring them to
a high state of concentration, I pass the chlo-
rid ,solution successively through similar an-
odes of any desired number of baths, or I may
return the metallic solution to the anode of
the same bath, keeping up a constant circu-
lation through the anode only until the solu-
tion has obtained a sufficiently high degree
At the same time I circu-
late an electrolyte consisting of a solution of

-the salt of an alkali through the cathode-com-

partment. This solution I may also pass
through a series of cathode-compartments or,
as in the instance of the anode, circulate the
solution through the cathode-compartment of
the same bath until it is sufficiently enriched
in alkali to be concentrated and disposed of.
Again, I may equip a series of electrolytic
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may be allowed to flow through the anode of | ulator, operating in connection with the elec-

any desired number of baths, while a second
flow of saline solution is maintained through
the cathode-compartments, so that at the last
of the series of baths I obtain in concentrated
form a solution of the metals represented in
the different anodes and a solution of alkali
from the cathodes. In the same mannerone
or mnore baths may be utilized to produce al-
kali at the cathode and metallic solutions at
the anode, and the anode electrolyte may be
allowed to pass on through a further number
of baths, while the alkali may be drawn off
at any one of the baths, and solutions of dif-
ferent metals may be circulated in the cath-
odes of the remainder of the baths.

Inthe accompanying drawings, illustrating
Imy invention, in the two figures of which like
parts are similarly designated, Figure 1 is a
vertical longitudinal section of one form of
plant by which my invention may be carried
out. Kig. 2 1s a similar section, on a larger
scale, more fully illustrating the regulator
and its application between adjacent baths.

The electrolytic plant may comprise any
number of baths, as 2, 3, 4, 5, and 6, arranged

at progressively lower levels from inlet to
outlet. HKach bath has in its bottom a perfo-
rated feed-pipe 7and discharge-pipe 8,an elec-
tric conductor 9, surrounded by an anode 10
of a mineral substance containing the metal
or metals to be extracted and used in com-
minuted or disintegrated or divided form—
such as ore, matte, slag, concentrates, &e.—
and also a diaphragm 11, preferably of gran-
ular chemiecally inert or neutral substance,
such as sand, spread over the anode, and the
cathode-plates 12, suspended in the upper
portion of the bath. DBath 2 has an inlet-
pipe 13,which is fed with salt brine from tank
14, and said bath overflows into tank 15, and
the contents of said tank 15 may be raised
through pipe 16 by the lifting or forcing ap-
paratus 17 into tank 18,whence it is returned
to the bath 2. DBetween each bath is an au-
tomatie regulator, (designated, respectively,
19 20 21 22,) each of which regulators is con-
structed as follows: Thereis an outside boot
23 of non-corrosive material connected by a
tube 24 at its bottom or lower portion with
the cathode-section of bath 2 and overflowing
or discharging fromits upper portion through
tube 25. Within this boot is a float 26,buoyed
by a surrounding air-chamber 27 in the fluid
contents of the boot. This float is supplied
with a flexible conneection 28, communicating
by pipe 29 with the anode-section of one bath,
whereby said float receives the electrolytic
fluid from said section, and it is also supplied
with an overflow 30, connected by a flexible
tube 51 with a pipe 32, leading to the anode-
section of the next bath or to a discharge-
tank. 'This regulator serves to adjust the
overflow of the two electrolytes by means of
their relative gravity. The overflow-level in
the boots being of constant height establishes
the level of the liquid in the baths. Thisreg-

-

trolytic baths—say bath 2—where alkali is
produced at the cathodes inthe cathode or up-
per section of the bath and metallic chlorid so-
lations in the anode or lower section of the
bath, allows the alkaline solution to overflow
through pipe 24, through the boot, and out

‘through the overflow 25 of the boot, while the

metallic chlorid solution leaves the bath 2
through pipe 29, enters the float 26 through
pipe 28, and passes out through overflow 30
and pipe 3l tooutlet 32. Asthedensityof the
alkaline solutions contained in the upper part
of the bath 2 increases the float 26 rises, and
thereby balances the overflow in accordance
with thedifferencein specific gravity between
the chlorid solution and the alkaline solu-
tion. On theotherhand, if the metallic chlo-
rid solution becomes heavier the float sinks,
thereby lowering the overflow 30 and again
balancing the outflow of the chlorid solution
with the overflow 25 by reason of the specific
gravity of the chlorid solution contained in
float 26. In adjusting the levels between the
chlorid and the alkaline solution overflow a
perfect and constant circulation of two differ-
ent streams of liquids of different specific
gravities is possible through one and the same
vessel without intermixing. I wish to ob-
serve in passing that while I may employ this
regulator in this instance for maintaining the
circulation of the two electrolytes in the dif-
ferent baths I do not wish to limit this part
of the invention to this specific purpose. The
overflow 25 of the regulator 19 discharges
into tank 15, while the similar overflows of
regulators 20 and 21 discharge into baths 4
and 5, respectively. Theoverflow 25 of regu-
lator 22 discharges into a tank 33,whence the
fluid may be conveyed to bath 6 by means of
pipe 34 and any suitable foreing or lifting ap-
paratus 35. The last bath 6 in the series
has a similar regulator 36, the overflow 25 of
which discharges into a tank 37 and the over-
flow 30 of which discharges through pipe 38
into a tank 39, whence the fluid is withdrawn
through pipe 40 and any suitable foreing or
lifting apparatus 41 and returned to bath 3
or any other bath in the series.

Illustrating one form of the invention, if
the process shouald be applied to the extrac-
tion and recovery of metals contained in cop-
per-nickel matte each of the baths (indicated
in Iig, 1 as 2 to 6) is provided with a quan-
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tity of coarsely-disintegrated matte, which

forms the individual anodes. This matte is
covered with a diaphragm or, as I prefer, with
a thin layer of sand or other chemically-inert
granular material. Tank 14, containing salt
brine of a strength of about 20° Baumé, sup-
plies bath 2 with salt brine until it overflows
through pipe 25 into tank 15. The electric
current is ther turned on, when chlorin is
evolved wi .a the mass of the anode, while a

corresponding quantity of caustic soda is pro-
duced at the cathode. When bath 2 is filled

to the level of overflow 25 of the regulator 19,
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a proportional quantity of salt brine from | be done at every station where a different op-
tank 18 is permitted to flow into the cathode- | eration is conducted in the cathode-compart- -
~ compartment of bath 2, and circulation | ment to balance the electric-current density 7o
through the cathode-compartment is then | required by each individual metal to be de-
s maintained by the foreing or lifting appara- | positeds - S _ -
- tus 17, while the chlorid solution formed 1n By this method I electrolyze individually in
theanode-compartment leavesbath 2through | one and the same operation and under one
pipe 29 and regulator 19, passing on through | circuit the solutions of the chlorids of sodium, 75
pipe 32, through the anode of bath 3, and so | silver, copper, nickel, cobalt, and as many
1o on through regulators 20, 21, and 22, through | metalsasare contained inthe matte, (anodes, )
the anodes of baths 5 and 6,and from the last | recovering in every instance the chlorin or
bath it flows into tank 89.  The forcing or |- other solvent agent in the anode-compart-
lifting device 41, which may be of porcelain | ments by producing constantly the chlorids 3o
or other suitable material, delivers the me- | or other salts of the metals contained in the
1< tallic solution, which may have been pre- | ancdes. I can alsoatany point in the series
viously acidulated to inerease its electric con- | of baths disconnect the overflows of the reg-
duetivity, from tank 39 through pipe 40 into | ulators and remove the electrolyte produced
the cathode-compartment of bath 3, the baths | at the anode, so that one part of the system 8g
3, 4, 5, and 6 having previously been filled | may be charged with copper nickel matte and
20 with either salt brine or metallic salt solution | the rest of the system may be charged with
~ from previous operations. The electric cur- | any other metal-bearing substance, and while
rent is now closed between the poles 42 and | I electrolyze at all the cathodes the solutions
43, so that the whole series of baths is in | obtained from theanodesof thecopper-nickel- go
one cireuit when the least positive of the | matte sections I may produce the chloridsof
25 metals contained in the solution coming from | whatever ores are contained in the other sec-
~ tank 39.(in this instance silver) is deposited | tions and remove them for commercial pur-
upon the cathodes of bath 3, the supply of | poses,resupplying the chlorin thusabstracted
1he cathode electrolyte from tank 39 being | from thesystem by an increased productionof g5
adjusted so as to exhaust of silver the elec- | alkali in the first section of the series of baths.
30 trolyte in said bath 3. From the cathode- | For instance, the anodes of baths 2, 3, 4, and 5.
- compartment of bath 3 the electrolyte flows | may consist of copper-nickel matte, and in
through regulator 20 into the cathode-com- | bath 6 of zine ore, salt brine being allowed to
partment of bath 4. Here the next positive | cireculate between the tank 15and the cathode- 1co
metal (in this instance copper) -is depos- | compartment of bath 2, while the salt brine
15 ited, and the electrolyte flows again through | or other electrolyte supplied from tank 14 is
| the regulator 21 into bath 5 or as many | allowed to pass on through the overflows of
~ baths as are required to remove all the cop- | the series of baths to bath 5, the overflow of
_per, when the electrolyte is allowed to-flow | said bath 5 being connected with tank 33. 105
through regulator 22 into tank 33, where it is | The anode-section of bath 5 is supplied with
4n treated with oxidizing agents and carbonate | salt brine or a solution of chlorid ot zinc by
of lime for the purpose of removing the iron | the same meaus as bath 2, which is allowed
contained therein. Afterremovalof theiron | to flow throngh the anode of bath 6 to the ves-
the electrolyte is delivered by the forcing or |-sel 39, the electrolyte collected in tank 383 be- 110
~ lifting device 335, through pipe 34, into the | ing delivered to the cathodes of bath 3 and
4: cathode-compartment of bath 6, where the | thence allowed to circulate through all the
nickel is deposited, upon the cathode. The | baths 4,5, and 6 to tank 37, whence it may be
electrolyte from bath 6 is caused to flow | returned to the anode of bath 3 by suitable
through the cathode-compartments of as | means and circulated again. Inthisinstance 115
“many electrolytic baths as are required tore- | a solution of alkali is obtained in bath 2, an
5 move the nickel, and finally through the reg- | electrolyte consisting of a solution of the met-
ulator of the last bath of the series into tank | als contained in the matteis obtained in baths
37, whenece it may be returned totank 14 and | 3, 4, and 5, and a solution of chlorid of zine
ased over again for cireculation through the | is obtained in bath 6, while on the cathodes 120
‘anodes of the whole series of baths and re- | of all the baths from 3 to 6 the metals con-
55 saturation. - Wheneverthis electrolyte, after | tained in the electrolyte of tank 33 are de-
the removal of the copper, iron, or nickel, | posited. | |
contains enough cobalt or other metals more | What I claim is— | -
electropositive than nickel, the latter may be | 1. The method ot separating, by electroly- 123
removed in the same manner as the copper | sis, metals from their ores, which consists in
6o and nickel in an additional number of simi- | providing an electrolytic bath with a soluble
~lar baths. R , anode composed of comminuted ore bearing
Instead of having only one bath for the | the metals to be obtained, circulating suc-
initial chlorination as conducted in bath 2 | cessively through a series of such anodes an 130 R
any number of baths necessary to produce a | electrolyte capable.of dissolving the metals | .»' J
65 sufficient quantity of electrolyte may be used, | contained therein, and simultaneously circu-
~ and these baths may be connected in multi- } lating the electrolyte obtained from the whole
 ple orseries with the system. The same may l series of anodes past the cathodes of one or
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more bathsand thereupon depositing the least
positive metal, keeping the other metals in
solution.

2. The method of recovering copper and
separating nickel and cobalt from matte or
ore, by electrolysis, which consists in provid-
Inganumber of electrolytic baths with anodes
composed of the matte or ore to be treated,
electrolyzing the salt of an alkali whose radl-
cal will combine with the metals contained in
the anode in the first of the series of baths

and circulating the metal-bearing electrolyte .

obtained at the anodes through the cathode-
compartments of any desired number of the
series of baths and electrodepositing the cop-
per, retaining the nickel and cobalt in solu-
tion.

3. The method of recovering copper and
separating nickel and cobalt from matte or
ore by electrolysis, which consists in provid-
ing a system of electrolytic baths with anodes
composed of the matte or ore to be treated,
supplying the anodes of any desired number
of the system of baths with a solution of a salt
of an alkali whose acid or halogen radical is
capable of combining with the metal repre-
sented in the anode, and circulating the eleec-
trolyte obtained at the anodes of these baths
through the cathode-compartmentsofanother
number of the system of baths, and electro-
depositing the copper, while retaining the
nickel and cobalt in solution.

4. The method of recovering copper and
separating nickel and cobalt from matte orore
by electr olysm which consists in providing a
system of electrolytic baths with soluble an-
odes composed of the matte or ore to be treat-
ed, supplying the anodes of any desired num-
ber of the system of baths with asolution of a
salt of an alkali whose acid or halogen radical
1s capable of combining with the metal repre-
sented 1n the anodes, supplying the cathodes
with a catholyte of different specific gravity,
and regulating the overflow of the anolyte and
cathol; te by means of their difference in spe-
cific gravity.

9. The method of recovering copper and
separating nickel, cobalt and other metals
from matte or ore by electrolysis, which con-
sists in providing a system of electrolytic

baths with anodes composed of the material
tobetreated,electrolyzing the saltof an alkali |

720,235

whose acid or halogen radical is ecapable of
combining with the metal represented in the
anode in a partof the system of baths, and cir-
culating the metal-bearing electrolyte there-
by obtained at the anodes successively
through the anodes of the bath next in series,
returning the electrolyte to the cathode-com-
partments of these baths, and electrodeposit-
Ing the copper, then returning the exhausted

55
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electrolyte to the anode of the first bath, and

repassing it successively through the anodes
of all the baths, thereby resatumtmﬂ' the
electrolyte and enrlchmg it constantly with
nickel, cobalt and other metals than copper.

6. The method of exhausting an electrolyte
composed of the salts of a number of metals,
of an individual less electropositive metal
contained therein, and enriching the electro-
lyte with the more electropositive metals, con-
sisting in passing an electrolyte first through
the anodes of a series of baths containing the
metals represented in the electrolyte, then
through the cathodes and depositing the least
positive metal thereon, returning the electro-
lyte to theanode of the first bath in seriesand
passing it again through the series of anodes
and thereby constautly enriching the electro-
lyte with the more electropositive metals.

7. The method of recovering nickel from
nickel-bearing mineral qubstances consisting
in prowdmﬂ'a series of electrolytic baths with
anodes composed of the comminuted nickel-
bearing substance to be treated, electrolyzing
the sa,]t of an alkaliin the first sectlon of the
series of baths, electrodepositing the copper
from the elecbmlyte thereby obtained in the

7°I
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next section of the series of baths, removing

by suitable means the iron contained in t,he
electrolyte derived from the whole series of
baths after removal of the copper, and finally
depositing the nickel upon suitable cathodes
in the last section of the series of baths, and
constantly producing fresh nickel- bearmtr
electrolyte from the anodesof the whole series
of baths.

In testimony whereof I have hereunto set

+ my hand this 19th day of October, A. D. 1900.

HANS A. FRASCH.

Witnesses:
C. A. NEALE,
WM. H. FINCKEL.
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