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UNH‘ED STATES

JOSEPH W. RICHARDS, OF BETHLEHEM, PENNSYLVANIA,

 PROCESS OF AND APPARATUS-:_I'F'O.Rr---'ELECTROLYTIC"EXTRA;C-TION--OF-ME;T?'ALS.'FROM_ THEIR SOLUTIONS._. S

- SPECI.FICATION formmg pa,rt of Letters Patent No. 591 141 da,ted October 5, 1897
| Applmatmn ﬁled Ma.rch 8, 1897 Serml Nu 626 305 (No madel)

To all w?wm it may conce?n '

~ Be it known that I, JoSEPE W. RICHARDS :
~a subject of the Queen of Great Britain, 16-'

~ siding at Bethlehem, in the State of Pennsyl—
5 ‘vania, have mvented certain new and useful

Impr ovements in Processes of and Apparatus |

for the Electrolytic Extraction of Metals from

Their Solutions, of which the. fOHOWIIJO' 1s a

'SljeCIﬁC’LtIOIl 1efelence bellilﬂ" had to the ac-
1o companying drawmws

o
. 1

‘ment of the positive pole or anode which is

) #' 'to be employed in conducting the electrolysis.
JE___

20 that the attack of the electrolyte shall be sub-

stantmlly limited to the non-mercurial ingre-

- dient of such physical character as to be sub-
stantially liquid and so disposed as to permit

' positive ingredient to the attack of the elec-
“trolyte. 1 contemplate the use of a great va-

30 riety of amalgams, such as those of | sodium,
- 'potassium, alummmm , Zine, or ammonia, the

"proportion of mercury bemﬂ* always, however

o - kept sufficiently great to p1 eserve the ﬂmdlty-'_

. of the compound

35  For the purposes of my mventmn it is 1m-—, -_
- material what may be the source of the elec-

tric eurrent by means of which the electroly-

- g8is is conducted. It is also immaterial what
- may be the nature of the cathode or receiv-
40 11:1g plate upon which the metal in solution
is to be deposited. When convenient, this

plate may be formed of the same metal as

that which is to be deposited. If this is not
convenient, any other substance which is ca-

- 45 pable of receiving the metal as it is deposited
and from which it can be removed will an-

swer the purpose. In order to practice my

invention, however, it is necessary that the
anode should eon51st of a combination of
‘5o mercury and one or more of the metals (or

ammonia) with which merceury is capable

My invention relates to those metallurgical |
- processes in which a metal is recovered f1 om |
ksolutwn by means of electrolysis, and the |
main feature of my improvement lies in the
1§ eomp051t1011, preparation, disposal, and treat-

_ Briefly stated, it consists in. employing as
| the anode an amalnam of such composition |

| the renewal of the anode as the consumption |
25 thereof occurs. . In this composition and dis-

- posal of the anode the mercury acts as a ve- |
hicle for the continual supply of the electro-

the nature of the metal in the amalgam may

neee&smy that the pl OpOl tion of mercury
shall be sufficiently great to preserve the mo-
bility of the amalgam. Within these limits

vary as the character of the Solutmn from -
which the metal is to be extracted or the con- . .

venience of the operation may dictate.

For the purpose of explaining a convenient
method of practicing my invention I have

o

shown in the accompanying drawings EL].tBI— |

native forms of suitable apparatus.  _ .-
Figures 1 and 2 are cross-sections of such |
apparatus, while Fig. 8 is a longitudinal see-
tion of elther appamtus when fitted with-

means f01 obta,mmﬂ* constant motion of the | B
cathode-plates. I‘w' 2 differs from Fig.1in @

that it shows combmed with the electmlytwl'
tank a receptacle and apparatus by means:

of which the same current which conducts:
the electrolysis of the metal—coutammﬂ‘ solu-:

| tion may also be rendered effective fm. the'

purpose of producing continuously and elec-f -

troly tically the required amalgam. = .

75

My invention is entirely mdependent of the .

nature of the metal which is to be reeoveled

In many well-known metallurgical processes

the desired metal is obtained first in the so-
| Tution staﬂ'e, from which solution it must be
extracted. For the purpose of deseribing my

80

invention it will, however, be convement to

assume, by way of emmple, the extraction of
‘gold from its cyanid solution. I will there-
fore describe the apparatus, usmﬂ' thls solu—_'
._ tmn as. & typleal example.

-------

In Fig. 1, A represents the tank, which mdy '

e of any convenient size and Shape One -
of the sides a of the tank fails by a shortdis- ©
tance of reaching the bottom of the tank, the

92

bottom being extended and turned up beyond._ }
this side, so as to form an external supply
passage-way isolated from the main body of

the tank. The entire bottom of the tank is

filled with a liquid amalgam b—as, for in-

95

stance, sodinm am&lﬂammthe height of the

amalgam being well above the space left at ' '

the bottom of the side . "Above the amal-

gam is hung a series of receiving-plates ¢,

which may elthe'r be of gold or of any sub

100 |

stance capable of receiving a deposit of gold
upon it and also of aetmn* as an electrode.

By means of electrical ‘connections these

- of forming an am&lgam It is, far thermore, | pla;te.a are constituted cathodes and the amal-~
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- gam an anode. A porous plate or diaphragm |

‘e Is interposed between these electrodes, di-
wviding the tank horizontally into two com-
partments. Through the upper of these com-
5 partments lows the cyanid solution carrying
the gold. The lower compartment is filled
from the surface of the amalgam to the plate
'with any suitable electrolyte—as, for exam-
iple, a simple solution of eyanid of sodium.

10 Therate of flow of the eyanid solution should
depend upon the rapidity of the electrolysis,
due precaution being taken to keep either the
solution or the cathode-plates in constant
motion, so as to minimize deleterious second-

15 aryreactions and insure full efficiency of dep-
osition by the current passing. If the rate
of flow of the solution through the tank is
suificiently great, this flow in itself supplies
the requisite motion; otherwise motion of

20 the cathode-plates may be resorted to, which
motion may be obtained by mounting the en-
tire series of plates npon a slowly-reciprocat-
ing frame, as shown in Fig. 3, where I have
illustrated in transverse section an appara-

25 tus provided with convenient means for ef-
fecting this motion of the cathode-plates.
T'he plates c are supported by means of a hori-
zontal frame L, which rests upon the sides of
the tank A. Said frame is connected by

3o means of a pitman m with an eccentric M,
whose shaft is provided with a driving-pulley
N, actuated by means of a belt n. By the ro-
tation of the eccentric M at any desired speed
a reciprocating movement of the entire Sy'S-

35 tem of the cathode-plates ¢ is effected.

In order to prevent any passage of the gold-
containing solution through the porous dia-

- phragm to the lower solution, a slight hy-
drostatic pressure may be maintained in the

z0 lower solution by means of the stand-pipe 7.

-~ Theaction of the electrolytic current causes
' the decomposition of the double cyanid salt,
- the gold being deposited on the plate ¢ and
~being replaced in the solution by a propor-

- 45 tlonate quantity of sodium set free from the
amalgam. Asthe process proceeds the -amal-

‘gam, constantly loosing its sodium, is re-
placed by fresh amalgam supplied from an
- external source through the isolated passage-

50 way, that which is exhausted being drawn off
by means of the spigot d upon the other side
of the tank. For the greater protection of
the amalgam, which is exposed in the exter-
nal passage-way, its surface may be covered

55 by a layer of naphtha. The liquid-amalgam

- anode may thus be maintained at any desired
level and its mercurial ingredient may be
drawn off, the two operations bein g entirely

- Independent of one another.

6o  Theadvantage of the interposed diaphragm
is that the gold solution and the amalgam do
not come in physical contact, thus prevent-
ing the possibility of any chemical action be-

-tween them. There is also the further ad-

65 vantage that any gold which may fall off the

recelving-plate will be caught by the dia-
. phragm instead of falling into the amal gam.

In the apparatus illustrated in Fig. 1 it is
necessary as the amalgam gives up its non-
mercurial ingredient to draw off the mercury
by means of the spigot d and replace it by
freshamalgam, which amalgam may be manu-
factured by means of any well-known process.

An alternative form of apparatus is illus-
trated in Fig. 2, by means of which the con-
tinuous formation of amalgam may be effected
electrolytically by the same current which ef-
fects the electrolytic deposition of the gold.
In this figure of the drawings the right-hand
portion corresponds in all details to the ap-
paratus which is shown in Fig. 1, D represent-
ing the amalgam at the bottom of the tank,
e the diaphragm, and ¢ the suspended cath-
odes. Asabove, hydrostatic pressure may be
obtained by the stand-pipe f. Instead, how-

ever, of the external passage-way for the sup-

ply of the amalgam a second electrolytic cell
18 provided, which cell occupies the left-hand
portion of the drawings,communicatingat the
bottom with the right-hand portion in pre-
cisely the same manner as does the external
passage-way shown in Fig. 1. Thisleft-hand
compartment ¢ has a covered top. It is filled
with a suitable electrolyte, as hereinafter ex-
plained, within which is suspended a positive
electrode I, say, of ecarbon. The bottom of
this compartment is also filled with amalgam
and means are to be assumed for maintaining
1ts free circulation from one compartment to
the other beneath the partition, but as such
means are well known they are not shown.
Let it be supposed that the compartment g
18 kept filled (by means of the intake and out-
let openings 7 k) with a strong solution of
chlorid of sodium. The course of the cur-
rent is from the positive electrode II through
the brine to the amalgam, and thence under
the partition through the cyanid solution, the

‘diaphragm, and the gold solution to the neg-

ative receiving-plate ¢. At the anode the
chlorid of sodium is decomposed, the chlorin
being released and collected through the dis-
charge-tube m, (whence it may be employed

‘as a useful by-product,) while the sodium en-

ters into the amalgam, continually renewin o

‘that which is lost by reason of the action of
‘the cathode, which has been explained. The

electrolytic action in the right-hand compart-

thus continuous, simultaneous, and correla-
tive to each other.
I'he following advantages of my invention

may be especially pointed out:

First. The anode being in a liquid form it

is capable of being continuously renewed, (by

means of the simple apparatus which I have
described,) from which it results that all of

the disadvantages ordinarily incident to solid

but soluble anodes are obviated. In the or-
dinary practice of the electrolytic deposition

of metalsfrom their solutions the anode,what-

ever be its constitution, is more or less rap-

1dly destroyed and must be replaced. Such
| replacement requires time and trouble and

70
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‘ment proceeds as before. Both processes are .
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C&HSB&. an mteuuptmn of the 001'1’[1111111;3 of |

" Second. Not only is the regener ation of the
.:Lnode continuous, but wh&tever be the salt
used as a solvent to bring the metal into so-
" lution the use of mer cury as a vehicle makes

it possible to choose the amalgam so that it
. shall contain a metallic base of that salt, and

- in such ecase the salt-is regenerated 'by the

10

electrolysis.

potassium,sodium or potassinm amalgam may

be employed. For a solution o_f-zine in an
ammoninm salt ammonium amalgam may be
employed, &ec., and it must be particularly
~emphasized that the metals which most com-

‘monly form the base of those salts which are
~ employed in metallurgical-solution processes
~are the alkaline and earthy metals and those

20

allied to them, which metals, by reason of
- their nature, it is. either 1mpos&1ble or very
- difficult to employ as anodes in any. other'

~ form but amalgams.

“active precipitating agent can thus in many

“Third. These ama,lcra,ms éue easily pr epared

electrolytically, (e1t11er by the process which I |

have described orany known process,) and the

~ instances be cheaply prepared from its cheap-
 est salt, thus costing far less than if it were

30

35

bouwht or prepared and used in 1its metalhe.

State without being in an amalgam.
‘Fourth. The salt from which the amalwam
is to be formed can fr equently be c_h_osen SO

value. Thusin the process which has been
outlined as an example the by-product re-

sulting from the decampomtlon of the chlo-

- rid of sodium, which results in the formation

- of sodium &ma,lﬂ'am is chlorin gas, which in |
very many gold processes is of the highest
- utility in the treatment by chlommtmn of

a0

certain portions of the gold ore Whlch are 1:1013

"~ amenable to the cyanid process.

45

g0
55 ¢C

.-60

-whleh the amalﬂ am producm

Fifth. The process lends itself: Ii'eadlly to.

such a combination as has been outlined in
conneetion with the description of Fig. 2 b}?

T,

position of the metal eanylnﬂ' ‘solution, 8o as

to render 113 pos&nble to employ not only the_

GlLLtl olytm%lly the amalgam and of eft‘ectmc-'

the electrolytic decomposition of the metal—
&113?111# solution. -

I desire it to be chstmctly borne in mmd

that in my process neither the amalgam nor
either of its constituents has any 1ndepend--

ent chemical -action upon the solution apart
from that which 1:3 11101dent to the electlo-

lytic action. - -
Iam mmre that it has hlthel to been pro-

posed to use an amalgam—as, for example,

sodium amalgam—for the purpose of chem-

ically decomposmg gold solutions. Such

processes have nothing in common with my

process, not only by reason of the fact that | therein; a second cell to which the Emnlgmn _-

Thus, as has been explained,
for eyanid 80111131011&:, whether of sodium or of

speaking,

appar a,tus 1S

in my p1 ocess the decomposmon of the solu-

tion is electrolytic rather than chemiecal, but

“because the pr actical result of the ehemmal
precipitation is inevitably the combination

of the mercury with the metal which it is

desired to obtain, resulting in the formation
of 'a second am&lﬂ‘am while in my process

the metal to be obtained cannot possibly as-

sociate itself with the amalwam but is

cathode.
‘Tam also aware that it is not new br oadly

75

driven away from it and deposﬂsed upa:m the
‘recelving - surface Whmh is constituted the

8;)._.

to employ a body of mercury in

such 1e]at1011 to an electnc circuit as that it

shall act as an anode, and I do not bmad]y
claim the same.

My invention is based upon the pecullal.
avmlablhty of a liquid amalgam as an anode
under specified conditions and in a specific.
process for which it has a peculiar and defi-
nite value, and in which I believe myself to

be the fir st to so organize its employment as

to render it commer elally practicable.

90

In using the word ‘“liquid” in this s,péelﬁn -

cation and in the following claims to desig-

nate the physical. condltlon of the anode, I_

do not desire to limit myself to an ama,lgam

‘which is liquid in the more restricted sense,
‘but mean to comprehend thereunder any
amalgam which has a mobility approximating -
that of a liquid, even though it be somewhaﬁ

_ _ viscous or pasty. g |

-~ that its other ingredients are of immediate |

Having thus deselrlbed my 1nvent10n I

claim—

95

100 .

1. The ploeess of extl actmw metals from
their solutions, which con&sts in subjecting

such solutions to the electrolytic action of an
electric current passing into the solution by a

liguid-amalgam anode, and separating said

anode from 1ts cathode by a porous partition,
'substdntlally as described. -

2. The process of extracting metals from
'theu solutions, which conmsts in subjecting

ITO

such solutions to the electrolytic action of a '
pair of electrodes, of which the anode iscom-

posed of a llqmd amalgam, with a porous
plate interposed between the electrodes, the
solution from which the metal is to be ex-

tracted passing through the cathode- eompm t-

ment, substantially as described.

r1s

3. The process of extracting metals flOI]l |

_theu solutions, which conmsts in subjecting
‘them to electrolytle action by means of a
‘liguid-amalgam anode situated in one of two

120

compartments separated by a porous pmm- |

tion, the cathode-compartment being
Wlth the solution from which the metal is to

be extracted, and the anode - compartment
Dbeing filled with a suitable electrolyte main-

lled

_12-5 N

tamed at a shﬂhtly-meleased plessure, _sub-*- -

ta,ntmlly as desceribed.
4, An apparatus for electrolytleally Sepaﬂ

rating metals from their solutions, which con-
sists in the combination of a cell with means

130

for electm]ytwally producing an amalgam




formed in the first cell is conveyed; a cathode

4

in said second cell as to which the amalgam

~therein is constituted an anode; a porous

5

10

-'1.5.

partition between said anode and cathode;

and means for subjecting the metal-contain-

ing solution to electrolytic action between
theanode and cathode in the second cell, sub-
stantially as described. |

5. An apparatus for electrolytically sepa-

rating metals from their solutions, which con-

sists in the combination of a cell, having means
substantially as set forth for electrolytically
producing an amalgam therein; a second cell :

- means substantially as set forth by which the

amalgam formed in the first cell is conveyed
to the second cell; a cathode in said second

~ cell, as to which the amalgam therein is con-

20

stituted an anode; a porous partition between
sald anode and cathode; and electrical con-

nections whereby said first and second cells

- are maintained in series in the same electric
clireuit, substantially as described.

30

6. An apparatus for electrolytically sepa-
rating metals from their solutions, which con-
sists in the combination of a cell with means

for electrolytically producing an amalgam !

therein; a second cell to which the amaleam
formed in the first cell is conveyed; a cathode
In said second cell as to which the amalgam
therein is constituted an anode; a porous

|

91,141

partition between said anode and cathode;
means for passing the metal-containing solu-
tion through the cathode-compartment thus
formed; and means for subjecting the liquid
In the anode-compartment to a pressure
greaterthan that existingin the cathode-com-
partment, substantially as described. |

7. An apparatus for electrolytically sepa-
rating metals from their solutions, which con-
sists in the combination, with a tank contain-
ing a lignid-amalgam anode in its bottom
region, and an electrolyte in the region above

35

40

sald anode, and having a cathode-plate ar- -

ranged In the region of the electrolyte; of a

porous partition arranged above said anode

45

and dividing the region of the electroyte hori-

zontally into two compartments; and means,
substantially as set forth, (as a stand-pipe,)

communicating with the lower of said two

~compartments, whereby a body of liquid elec-

trolyte may be maintained in said lower com-
partment at a pressure in excess of the pres-

sure of the body of liquid electrolyte in the

upper compartment, substantially as and for
the purposes specified.

Witnesses:
~ R. W. LEIBERT,
ADELE S. LEIBERT.

 JOSEPH W. RICHARDS.
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