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Ta all whom it may concern:
Be it known that I, EDWARD D. KENDALL,

- a cltizen of the Umted dtates, residingin the_
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borough of Brooklyn, city and State of New

York, h..:we invented a new and useful Proc-
ess of Separating and Recovering Metalsfrom

Solutions Containing the Same, of which the
~following 18 a speclﬁcatlon |

My 1nvent1011 relates to a process for sepa-

rating and recovermg metals from solutions

contammw the same.

I will describe a process embodying my in-
vention and then point out the novel features
in claims.

My process consists in ﬂowmg Lh1 ough and
over a mass of carbon presenting a 1arﬂ*e area,

of surface a dilute solution of potabsmm cy-
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anid containing gold or silver, or both metals,

derived from the lixiviation of ores and at the'

same time subjecting the solution tothe action
of an electric current The electric currentis
preferably of comparatively high voltage—
say fifteen volts. The mass of ea,rbon, thh

preferably, is in the form of granules or fran'-
ments, serves as the cathode, while a carbon
or carbons immersed in a solution of caustic
alkali or a solution of cyanid contained in &
porous cell or cells may serve as the anode.

The liquid passing off the carbon mass flows
tothesump. Afteratime—thatis,afterasuf-

ficient quantity of metallic gold or silver, or
both, has been deposited on and in the frag-
mental mass of carbon by electrolysm—the
flow of weak solution'is stopped and the elec-
triccurrentshutoff. - Allliquid is thendrawn
out of the electrolytic tank and porous cell,

- after which both tank and porous cell are to__-
~ be filled with a comparatively strong solution
of potassium cyanid or other sultable cyanid
containing, say, one-half pound of cyanid to

the gallon. The carbon anode may be re-
moved from the porous cell and a copper
plate, preferably silvered and rubbed with

 plumbago, substituted therefor to serve as

cathode. Preferably the strong solution

~will be made to flow from the earbou mass
" Into the

porous. cell in order to bring the

o freshly- dissolved metal into contact Wlth the

" new cathode.’

- 5o cireulation of the strong solution be main-

It is-also desirable that a

- tained from the.so_ure_e_of supply of strong
-~ solution through the electrolytic tank and

S S Tl Rl

| perous cell and back acram to the source of |

supply. Atthesame tlme the strong solution '

and carbon mass, with deposited ﬂ'old or sil-

ver, or both, and copper plate, are sub,]ected
to the a,etmn of an electric current.

metal, as the anode, and this arrangement of

55

In this -

instance the copper plate serves as the cath-
ode and the earbon mass, with its deposited

60

electrodes, together with the solution, causes
the gold or sﬂver or both, to be dissolved from _
| the Qa,rbon mass and denosﬂ:ed on the copper -

sired. After the last operation the copper

plate is removed and the carbon substituted -

plate, from where it may be removed as de- '

and the poles changed in order that fresh di-

lute solution contammﬂ‘ the gold or silver, or

both, may be sub,]ected to the electrolytlc ac-
t{ion.

The purpose of preferably employing caus-
tie alkali in the porous cell is to take up that

part of the eyanogen set free from the weak .

solution of eyanid by electrolysis which finds .
75

its way into the porous cell and which Would
otherwise be lost.

In the accompanying dra,wmﬂ's I hswe illus-

trated a form of apparatns in whwh my proc-
eSS may be carried out.
In the said drawings, Figure 1 is a view,

80

partly in section and perspective, of an appa-

ratusin which my process may be performed.

Fig. 21s a detall cross-sectional view of a por-
tmn of the plant or apparatus.

Similar letters of reference designate cor-
responding parts in both of the figures.

A A are electrolytic tanks, Whleh may be

made in any desired form and of . any Sult-
able material. )

BB are porous cells, whlch may be ma,dé-'!}.- |
of any required form and of any suitable ma- -

terial. Each of these porous cells is pro-

vided with openings, t0 serve as ‘inlet and

outlet for liquid, and with connectmﬂ'-plpes

FFFF. Oneof the pipes in each porous
“cell should have a termination near the bot-
tom of the cell to insure the flowing of liquid

throughout the interior of the porous_eell and

not merely across it and as a means of empty-

ing the cell of liquid in the ‘way herein to be

ICO -

described. The top of each porous cell Bis
lower than the top of the containing-tank A,
(or if as high there should be an opening in .
its side near the top,) S0 tha,t Ilquld ﬂc:-Wlnog,hm'
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=24 B the porous cell.
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into A during a part of the process to be de- |

seribed may, when so required, pour overinto
B from A. |

Cisasettling-tank through which flows Lhe
dilute 80111131011 which is to be treated for the
recovery of contained gold and silver. This
settling-tank serves as a reservoir of this so-
lution, which it may receive directly {rom a
leaching-vat in the lixiviation of ores.

DD DD are pipes conveying solution from
the settling-tank C into and out of the elec-
trolytic tanks A A and for delivering this

solution after its electrolytic treabment into

the sump. The flow of liquid through these
pipes is to be regulated by suitable valves,
or, preferably, iron cocks properly placed.
The arrangement of these must of course de-
pend on the number of electrolytic tanks and
their positions with reference to other parts
of the plant. In the drawing Iig. 1 two of
the said tanks are shown arranged in series,
one being in lower position than the other.
A greater number of such tanks may be used,
arranged 1n step order, all of the solution
from settling-tank C flowing through each
and all of the electrolytic tanks, orthese tanks
may be used separately, only a portion of the
said solution flowing through each. -

E is a receptacle for a chemical solution
which is to be supplied to the porous cells 5
B through the pipes KE' K'.

( 1s a receptacle for a chemical solution
which is to be supplied to the electrolytic
tanks A A through the pipes G and D D.

IH is a pump adapted and arranged to draw
liquid from the porous cells I3 B or from the
tanks A A through the pipes F' I, I' I, or Z
and deliver the same through the pipe D' to
the sump, or through the pipe I to the recep-

tacle G, or through the pipe I’ to the recep-

tacle K. The pipes and cocks X X are for
drawing off residues from the tanks A A for
the sump. At the opposite ends of the tanks
A A may be arranged pipes and cocks in
similar positions (mle of which isindicated at
Z) for drawing off certain residues; but these
]ast—-mentioned pipes and cocks, while useful
in certain contingencies, are not a necessary
part of the plant.

FFig. 2 is a cross-section of one of the elec-
trolytic tanks A prepared for use, in which
A' indicates the shell or walls of the tank,
I, I, and K’ are rods
or plates of hard or battery carbon. Hach
has a suitable connection with a copper wire
or other conductor of electric current. The
space between the outersides and ends of the
porous cell B and the inner surtaces of A',
within which are the carbon rods or plates
K I, are packed with granulated or frag-
mental hard carbon N N.

In carrying out my process I proceed as fol-
lows: T'he carbon rods or plates I I are con-
nected with a direct-current eleetric genera-

tor or other source of pure current, so as o
constitute, with the contiguous mass of frag-
mental earbon,the ecathodic electrode, and the |

‘gold and silver

carbon rods or plates (I,ndlmted at X'') are so
connected as to form the corresponding anode.
Then a continuous supply of the dilute solu-

tion—say of potassium cyanid —containing
oold orsilver,or both metals, fromn the settling-

tank C is conducted by the pipes D D D D_

through the electrolytic tanks A A and
thloun*h the contained masses of carbon N N,
and ﬁnally to the sump.

drawn from the receptacle Ii. A solution of
cyanid may be substituted for this, but not
with the same advantage, because the alkali
serves to utilize part of the cyanogen other-
wise set free and lost. Under these circum-

stances with an electrie current of sufficient

voltage—say fifteen volts—and amperage pro-
portionate to the capacity of the pl&nt the
are rapidly separated from
the flowing solution and deposited on and
thmuwhout {he masses of fragmental carbon
and a portion on the carbon wds orplates K K.
When a considerable quantity of metallic
gold and silver has accumulated on and with-
in the cathodic electrode, the flowing of so-
lution from the settling-tank Cis stopped, (or
the solution is conducted through a duplicate
and alternate series of electrolytic tanks,) and
the residue of thesame remaining in the elec-
trolytic tanks A A is drawn off by means of
the cocks and pipes X X and allowed to flow
130 the sump.
BB 1% drawn off through the pipes It I and
”"” " by the pump I and conducted by the
pipe 1" to the receptacle E. The porous cells
and the tanks A A being now [ree from liquid,
prior to the next step in the process the car-

bon rods or plates (indicated by KK’ in Fig. 2)
may be removed from the porous cells and

plates of copper, preferably silvered and rub-
bed with plumbago, or plates of other suit-
able metal,may be substituted for the carbon.

'he receptacle G confains a comparatively
strong solution of potassium or other suitable
cvanid-—say half a pound of potassium cy-
anid to each gallon of water—and the quan-
tity of thissolationrequired issomewhat more
than sufficient to fill the electrolytic tanks
and the porous cells which are now to be sup-
lied with this cyanid solution by opening the
cock G”. The cock I also being open, the
pump I is operated occasionally or slowly,
so that the solution flowing from the recep-
tacle (x into the electm]ytw tanks A A and
over the tops of the porous cells B B into the
same shall be drawn out of these cells through
the pipes F F and B’ F' and forced through
the pipe I back to the receptacle (x, thus es-
tablishing continuous or intermittent ecircu-
lation of the liquid. At the same time 4 re-
versed electric current is sent through each
electrolytic tank and its porous cell, the car-
bon rods or plate Ix K, and the contiguous
mass of fragmental carbon N N now consti-
tuting the anodic electrode and the carbon
rods or plates K’ (or the copper plates which
may have been substituted therefor) being

‘The porous cells
B B are filled with a solution of caustic alkali
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T'he solution in the porous cells -
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justed with reference to voltage and amper-

age that the gold and silver on and in the car-

bon N N and on the touching rods or plates

K K shall be taken up by the solution from
G and redeposited in coherent form on the |
cathode in the porous cells. . When the metal
. or metals shall have been so redissolved and
redeposited, the cathodes are to be removed.
from the porous cells and the accumulated
electrolyticdepositstripped or otherwise sepa-

rated from them. The cock G being closed,

the stronger solution: of cyanid is to be

pumped out of the tanks A A and the porous

“cells through the pipes Z, F”, and Tor through
the pipes X, D, and I' into the receptacle G.

With the carbon rods or plates K' replaced

1in the porous cells dilute solution for the elec-
trolytic tanksis to be drawn from the settling-
tank C and the porous cells filled with solu-

tion from the receptacle K, and the process
above described is to be repeated. '
What I claim as my invention is—

1. The process of separating and recover-

ing metals from solutions containing them,

which consists in flowing over a mass of frag- |
"mental carbon which serves as a cathode, &

dilute solution of potassium cyanid contain-
ing metals in solution, and at the same time
subjecting the dilute solution to the action of
an electric current having sufficient amper-
age and electromotive force of at least five

volts, the anode -being carbon immersed in a

solution of caustic alkali which is separated
from the cathode solution by a porous dia-
phragm.
- 2. The _
ing metals from dilute solutions of cyanid
containing them which consists in flowing

said solutions over and through a fragmental |
mass of carbon presenting a large surface |

area, and which carbon mass serves as cath-

ode, a plate or.plates of carbon serving as |

bon presenting a large surface area, and
which carbon mass serves as a.cathode, a

droxid is separated from the cathode solution

versed electric current not exceedingan elec-

process of separating and recover-

| anode, subjecting said flowing solution to the
action of an electric current having an elec- 45 =~ .
‘tromotive foree of five volts or more, next =~

stopping the flow of dilute solution and flow-
ing over and through the fragmental carbon

mass a stronger solution of potassium eyanid -~

and at the same time subjecting the depos- 50 -
ited metal to the action of a reversed electric =
current, not exceeding electromotive force of

five volts using the carbon massas anodeand =~

a plate of metal for the eathode.
8. The process of separating and recover- 55 =
ing metals from dilute solutions containing .=
them which consists in flowing said solutions
over and through a fragmental mass of car-

6o

plate of earbon immersed. in solution of po- -
tassium or sodium hydroxid serving as anode;
which solution of potassium or sodium hy-

by a porousdiaphragm,whereby cyanogen set
free by an electric current is reconverted to
alkali eyanid, subjecting said flowing solu-
tion to the action of the electric current hav-
ing an electromotive force of five volts’
strength or more next stopping the flow of
dilute solution and flowing over and through
the fragmental carbon mass a stronger solu-
tion of potassium cyanid and then subjecting
the deposited metal to the action of a re-
- 75
tromotive force of five volts, using the car- | -

bon mass as anode and a plate of metal for |

the cathode. |

In testimony whereof I haVe;Sigﬁe’d my

name to this specification in the presence of 8¢

two subscribing witnesses. | R
EDWARD D. KENDALL.

Witnesses: o
Geo0. K. CRUSE,
R. H. K. STARR.
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