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Separation of Silver from Gold. 447

CHEMICAL SECTION.
Stated Meeting, held April 2r, 1896.

DR. HARRY F. KELLER, President, in the Chair.

SEPARATION oF SILVER rroM GOLD By VOLATIL-
ISATION.

Bv DR. JosEpH W. RICHARDS, of the Lehigh University.

In making the quantitative blowpipe assay for gold and
silver, it is usual to treat 100 milligrams of ore at a single
fusion, yielding buttons which are too small to be weighed
accurately, but whose weight must be found by muasurmg

carefully their horizontal diameters.

As determined by Plattner (and often verified in the
writer's experience), silvers buttons weigh 06346 of the
weight of spheres of silver of the same diameter as
measured, and gold buttons 07506 of the weight of
gold spheres. The buttons obtained usually weigh o3
to 15 milligrams, and the separation of the silver from
the gold in buttons so small is a matter of considerable
difficulty. Plattner remarks that no satisfactory method of
separation in the dry way is known, and recommends the
parting by nitric acid. Working, however, with buttons
smaller than pin-heads, it is extremely difficult to boil two
or three times with nitric acid, to wash until the silver salt
is all removed, and then to gather and melt down the gold,
without losing a considerable proportion of the gold in
three or four directions.

* 8,000,000 tons in 1893.
+ 46,000,000 bushels in 1895.
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Knowing that, on long heating, silver gives a coating of
oxide on charcoal, and that gold does not, I made experi-
ments to determine whether silver could be thus separated
from gold, and have found the method practicable. On
heating to a bright-yellow heat (not to whiteness) upon
charcoal an alloy of gold and silver, before a sharp-pointed
oxidising flame, the silver volatilises easily and steadily
until there is less than 5 per cent. of silver remaining in the
gold. I estimate this volatilisation to take place a little
above the melting point of copper, say at 1,100-1,200° C. To
remove the remainder of the silver, the heat is raised nearly
to whiteness, or to about the melting point of steel (1,500° C).
When the silver is entirely eliminated, the gold, at this
temperature, begins to volatilise also; in fact, a trace of
gold will be carried off with the last of the silver, and if the
ash of the charcoal be white it will show a faint crimson
coating close to the assay. When this coating is heavy
enough to be seen without the use of a lens, the silver has
been completely volatilised and the remaining button is
pure gold. The amount of gold necessary to give this
coating is too small to be determined by weighing or
measuring.

Having explained the principle made use of, I will give
the further details of conducting the operation. The char-
coal should be dense, so as not to burn away too quickly.
Too light a charcoal will not stand the five or ten minutes’
application of the oxidising flame without burning through
the piece. It should also leave a white ash under the oxi-
dising flame, so as to furnish a background on which to see
the crimson gold coating which determines the end of the
operation. I have found the dense, hard charcoal made by
Johnson & Co., of New York, to answer these requirements
admirably. It is well, also, to work with a porcelain saucer,
or large sheet of clean paper, under the flame, to catch the
button in case it should be blown from the charcoal.

In order to perform this separation without excessive
exertion, I would recommend that a gas flame not over 2
centimeters high be used, that the tip of the blowpipe be
advanced at least halfway through the flame, and inclined
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somewhat sharply downwards, at an angle of about 45°. By
observing these simple directions, a very sharp-pointed,
needle-like oxidising flame will be produced, about 1 centi-
meter in length to the blue tip, which I have found
the best for the purpose in view. To produce this
the blowing need not be strong, but it should be
kept up steadily. The button, in a shallow cavity near
the end of the stick of charcoal, is now brought directly
in front of the point of the flame, at about 1 to 2 milli-
meters from the visible blue tip. Its position, of course,
is regulated by the temperature observed. The button
ton should not, at this stage, be heated to whiteness, else
the silver will boil and cause a loss by sputtering. The
charcoal is held inclined towards the flame at an angle of
about 30°, so that the flame descends almost vertically upon
the button, and thus decreases the liability of its displace-
ment by the force of the blast.

It will be found practicable to continue a blowing for
about three minutes without discomfort, at the end of which
time the operator may stop to observe the color of the but-
ton. Supposing the alloy, on starting, to have been white,
it will usually become pale yellow in from three to six
minutes. When the alloy exhibits a brass-yellow color, the
heat should be raised, and the next blowing continued for
not over two minutes. At the end of this time the alloy
will usually exhibit nearly the pure gold color, but no gold
coating, or, at most, only a trace of it will be seen on the
charcoal. After this, the heat should be raised to nearly
whiteness, and then continued for not over one minute at a
time. If a faint gold coating appears, further heating for
one minute will usually develop a distinct crimson coating,
visible without the lens, and the alloy will show the pure
gold color. Itis then taken out, cupelled and measured.

If the amount of gold present be very small, it is difficult
to continue volatilising silver after the button gets smaller
than }+ millimeter in diameter. The difficulty is caused by
the ash of the charcoal, which, fusing to a slag,envelopes the
button. To continue the removal of the silver, should the
button arrive at this size without showing the gold color,
Vor. CXLI. No. 346. 29



450 Richards. [J.F. 1,

the operator cupels and measures a pure gold button of
about the same size and adds it to the button being treated.
The enlarged button is now worked down to pure gold, as
before, removed, cupelled and measured. The weight of
gold obtained is diminished by the amount added, the
difference giving that in the ore.

If the heating to incipient whiteness be continued two or
three minutes after the visible gold coating is obtained, a
very pretty gold coating of bright, peach-blossom color is
obtained, and a sensible amount of gold is lost by volatilis-
ation. A pure gold button, 1 millimeter in diameter, weigh-
ing 7'58 milligrams, lost c'03 milligrams (04 per cent.) each
minute that it was heated to whiteness, and in five minutes
gave a beautiful crimson coating. A silver button of similar
size lost 18 per cent. of its weight, each minute, at only a
bright-yellow heat. I estimate the point at which gold
begins to volatilise as about the melting-point of soft steel
(1,500° C.). It is certainly considerably below the melting-
point of platinum (1,775° C.).

In conclusion, I wish to say that I have tested this method
of separation in many different ways, with large and small
buttons,and upon alloys rich and poor in gold, and have found
the separation to be absolute when the conditions above
described are properly observed. I have repeatedly alloyed
a gold button with different amounts of silver, and then
driven off the silver, the button, after two or three of such
separations, remaining of exactly the same size and weight
as at the start. In proposing this method of separation, I
do not wish to disguise the fact that, to ensure success, it
demands a steady hand and an experienced operator, and
some practice; but I believe that any one who has mastered
the art of blowpipind sufficiently to make gold and silver
assays,can, in a short time, master this method of separating
the gold and silver. :

[In the discussion of the above paper, it was suggested
that the method might be practicable in the ordinary assay
of gold and silver, as, at assay offices, if an electrically heated
furnace could be devised, in which the buttons could be
placed on suitable supports, and kept at the proper temper-
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ature to volatilise silver, with a current of air passing over
them. The movement to the hottest part of the furnace
would suffice to remove the last traces of silver, just as the
last traces of lead are removed in cupellation in an ordinary
muffle. The process of removing the silver would then
resemble cupellation in its general outlines, except that the
temperature would be about 300° to 500° higher.]
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