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To all whom it may concern.:

Be it known that I, WiLLiaM CROOKES, a
subject of the Queen of Great Britain, re-
siding at 7 I{ensington Park Gardens, Lon-
don, Kngland, haveinvented an Improvement
in Amalgamating and Extracting Gold from
Refractory or other Ores, (for which I have
obtained Letters Patent in Natal under date
of May 28, 1890; in the Transvaal underdate
of May 28,1890, No. 187; in Queensland un-

~ der date of September 17,1890, No. 1,039, and
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in the Cape of Good Hope underdate of May
28,1890,.No. 607,) of which the following is a
specification.

The present method of extracting gold from
refractory ores—such as sulphides, tellurides,
arsenio-sulphides, &e., of zine, copper, iron,
bismuth, antimony, &c.—by direct amalga-
mation with mercury is very imperfect, as
the sulphides, arsenio-sulphides, and other

minerals in the ore have a deleterious action

on the mercnry, causing it to “flour” and
“sicken,” so that its fluidity is destroyed,
and 1t becomes either a tenacious mass or as-
sumes a powdery character. In either case
its amalgamating action is almost entirely de-
stroyed, with the resuit that from thirty to
eighty or more per cent. of gold escapes the
action of the mercury, being lost in the tail-
ings, while large quantities of mercury are
also carried off in the washings. The “flour-
ing” of the mercury is due to a film or tar-
nish from some of the sulphides, arsenio-sul-
phides, &e., coating the mercury and pre-
venting the separate globules from uniting
when once divided by trituration or grind-
ing. 'T'he trituration in the machines there-

-~ fore constantly subdivides the mercury more
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and more until it becomes a black slimy
mass, which will not settle in water foralong
time, and is carried off in the washings and
lost, the separation of this metallicslime from
the heavier portions of the ore being almost
1mpossible.

The “sickening” of the mercury is not
quite so serious as its flouring. Sick mer-
cury has taken up some of the constituents
of the minerals present and haslost its fuid-
ity and will not flow with a bright surface;

| difficulty. Sick mercury can generally be’

restored by distillation, in which case not
much is lost, the chief drawback being that
sick mercury will not take up gold from the
ore; but floured mercury is not only lost of
itself, but it carries away with it all thé gold
which it may already have taken up. Again,
supposing the mercury neither floursnorsick-

ens, there is another serious loss when work-

ing with ores containing sulphides, tellurides,
arsenio-sulphides, &c. Even when the mer-
cury retains its bright metallic condition and
is in its usual active state it will seldom take
up more than half or two-thirds of the gold
present in the ore, owing to the coat of tar-
nish which isalmost always on the surface ot
the gold—a coating which ean only be removed
by chemical or mechanical means, the long
grinding required to remove the coating me-
chanically then tending to flour the mercury.

Another method of extracling gold from
the above-named oresis by roasting till free
or almost free from sulphur and then ftreat-
ing with a solvent for gold. "The precious
metal is then precipitated from its solution
by appropriate means. Chlorine is usually
employed for this purpose; but it 18 expen-
sive.
a soluble cyanide is used instead of chlorine
to dissolve the gold. This reagent has, how-

ever, a very feeble solvent action on gold, and

I can imagine few cases in which a sufficient
amount of gold would be dissolved to repay
for the expense of the solvent.
proposed to remove the tarnish or film (sup-
posed to be sulphide of gold) by the action of
weak nitrie acid, nitrate of mercury being
nresent in the bath for the purpose of amal-
camating with the particles of gold as they
are cleansed from the [ilm orv tarnish. The
drawback to such a process is that even
though the nitric-acid solution bea weak oneit
willtend to decompose the moreeasily acted on
metallic sulphides present, such as lead, iron,
zine, and the like sulphides, and thus liber-
ate sulphureted hydrogen, which 1n turn will
recoat the particles of gold with a sulphide
coating. It has also been proposed to useso-
lutions of eyanide of potassium and other

50 neither will it touch gold except with great | soluble salts both with and without a fur-

In some cases eyvanide of potassium or

It has been
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ther treatment by the electric current; but

so far as I am aware it has always been pro-
posed to use such substances as a solvent for
the gold, which is subsequently recovered
fmm its Solutlon by a further process. Va-
rious proposals have also been made with re-

- gard to the use of an electric current, both
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~can be emplm ed.
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forthe purpose of assisting theamalgamating
and for preventing the ﬂommﬂ or Slekemnﬂ'
of the mercury.

The object of my invention is to obviate the
disadvantagesinherentintheaboveprocesses;
and to this end it consists in submitting the
refractory or other ore to the action of a so-
lution,preferably of cyanide of mercury,either

in the commercially pure state or prepared

at the time by double decomposition between

a soluble salt of mercury, such as the sul-
phate and the soluble cyanide or ferro-cya-
nide. The process is so conducted that the
mercurial cyanide shall decompose the filin

-or tarnish on the gold, the cleansed particles

of which become amalﬂamated with the mer-
Cury as dlstmﬂ*u:tshed from becoming dis-
solved in the bOlUthl] the cyanide of mer-
cury not belng a- solvent for pure gold.
lieu of the cyanide the sulphate of mercury
In many cases I also pro-
pose to use in conjunction with the solution
of any mercurial salt the current from any

~ alternating dynamo-machine.
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~ poles.

| cellent conductors.

In carryingout my combined process I pro-
ceed as follows I take the gold ore, tdlllﬂ._,S,
sulphurets, &e.,
usual manner, and mix with them a solution
cf sulphate, 1:11lmte, chloride, cyanide, orany
soluble salt of mercury, and then pass a rap-
idly-alternating current of electricity through
the mass, elther when in a state of rest or
when ag oitated or stirred in any convenient
manner.
good conductor of electricity, while the fine
pa,rtlcles of gold spar sely disseminated
through the mass are, as is well known, ex-

| Iron carbon, or other
convenient conductors ma-y be used as the
KEach pole is alternately cathode and
anode. If water is decomposed by such a cur-
rent, the gases being able to escape do so,and

amixture of hydrogen and oxygen comesfrom |
~ each pole.

If, however, the results of the
decomposition are fixed, such as acid and
metal, the decomposition by the currentinone

~ direction 18 reversed by the following current
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in the opposite direction and practicallylittle
or no decomposition results. Assume that

- sulphate of mercury is the mercurial salt
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~chosen.
“1n contact becomes positive sulphuric aeid is

I'hen when the pole with which itis

there liberated, while mercury is liberated at
the opposite pole; but in a fraction of a sec-

- ond the poles are reversed, the opposite de-

composition is effected, and the sulphuricacid

just liberated finds itself in presence of nas-

cent mercury, with which it immediately com-
bines. At the other pole the mercury liber-

reduced to powder in the-

The bulk of the massis not a very

In | tion precipitates mercury on -alternate faces
of the pa'rtieles of gold in the mass of ore
“without requiring the gold to be in metallie
“communiecation with either pole of- the dy-
namo, as the extra conductivity of the gold
idIH;WS to it the lines of force.

‘the particles is not essential, as the finest
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sulphuric acid ready to reunite with it, and so
at each pole themercurial salt is decomposed
only to be immediately reunited. Every par-
ticle of gold in the wet mass through which

the al‘rema,tmﬂ' current is passing is a muech

better conductor of electricity than the sur-
rounding mass, and the equipotential lines

of forece mll converge toward them, with the

result that more of The electric current passes
through them than through the rest of the
mass, and the two sides of each particle of
gold act alternately as anode and cathode.
On one side (the anode for the time being)
sulphurie acid is liberated, and on the other
side (the cathode forthe time being) mercury
is liberated; but the affinity of gold for mer-
cury is so great that the two metalsinstantly
unite and the gold becomes amalgamated.

At the next alternation the side of the gold
- particle which had the sulphurie acid liber-
~ated on it now has the mercury precipitated
on 1t.
“again comes into play, and instead of reunit-
1ng with the sulphurie acid the mercury pre-

The affinity of gold for mercury here
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fers to attack the gold. Thus each alterna-

flour and “float” gold will be amalgamated,
and consequently weighted, as easily as the
largest pieces. Neither does it matter to
what degree of coarseness the ore is crushed
so long as the solution of the mercurial salt
penetirates to one part of the piece of gold

locked up in the ore, for the action will then

take place and the metal will become amal-
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gamated and in the Subsequent amalgamat-

Ing operation dlssolved in the mass of mer-

A further advantage incidental to the use
of an alternating cur rent is that the sudden
and violent deeompo&,ltlons and recomposl-
tions alternating with great rapidity cause
the mass to become hot thereby greatly fa-
cilitating the amalﬂdlnatlon

Any mdmmy alternﬂtlnﬂ' current from an
alternating dynamo or othel source of elec-
tricity will produce the desired effect; but the
most efficient action is dependenton the right
adjustment of several variable factors, sueh
as, first, current density; second, area of elec-
t_rodes ; third, rate of al‘temation per second;
fourth, electric conductivity of the wet mix-
ture of crushed ore and liquid. The latter
varying with every different kind of ore, it is
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evident that the others will have to be ad-

‘Justed in each separate case in.order to get

the maximum effect, and that therefore no
general directions can be he1e given which
w111 meet all cases. |

When it is impracticable to use an electric
current, I propose to employ a solution of cyan-

ated by the ﬁlSt current finds a molecule of 1 ide of mercury orasulphate of mercury, either
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of which solutions will remove the film or tar- | particles may go on simultaneously. When

nish and superficially amalgamate the par-
ticles of gold.
be so rapid as it is when the alternating elec-
tric current is used, although it may be has-
tened somewhat by heating the mass. When
carrying out the process in this manner I pro-
pose to use a solution composed of two or

three pounds of cyanide of mercury or of sul-

phate of mercury dissolved in eighty to one

hundred gallons of water for each ton of ore;

but special circumstances may render 1t ad-
visable to vary these quantities. When the
action is complete, the mercury solution may
be drained or drawn off or removed in any
other convenient way and the ore treated in
amalgamating pans or machinery or in other
appropriate manner.

In some cases I findit an advantage to add
to the mercury used for the subsequent amal-
camation process a littleamalgam of sodium,
as described in my British specification No.
391 of 1865, or some of the modified amal-
ocams described by me in my British gpecifi-
cation No. 2,229 of 1365. . |

It will be evident that the mercurial salt,
either alone or in conjunction with the amal-
gams just referred to and with or without the
use of the alternating electric current, may
be employed in the grinding and amalgamat-
ing apparatus, and in this case the cleansing
of the gold from the tarnish or film and the

collection and amalgamating of the cleansed |

The process will not, however,

this is desired, fresh mercury should be added
to the mass and thoroughly mixed or incor-
porated therewith. The solution of mercu-
rial salt and an alternating current may also
be advantageously employed in concentrat-
ing and vanning machines, such use causing
the gold particles to unite more readily with
the mercury.

Having now particularly deseribed and as-
certained the nature of my said invention
and in what manner the same 1S to be per-
formed, I declare that what I claim 1s—

1. The improvement in the process of amal-
camating and extracting gold hereinbefore
set forth, which consists in submitting the ore
to the combined action of a solution of a mer-
curial salt and an alternating electric.current,
substantially as described.

2. Theimprovement in the process of amal-
camating and extracting gold hereinbefore
set forth, which consists in submitting the
material in the final amalgamating process to
the combined action of a solution of a mercu-
rial salt and an alternating electrie current,
substantially as described. '

In testimony whereof I have hereunto set

witnesses.
WILLIAM CROOKES.
Witnesses:
ALLEN P. JONES,
JAMES BOLES.
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‘my hand in the presence of two subseribing
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