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This invention relates to the separation of
minerals and the concentration of ores by
flotation processes, and is particularly direct-
ed to such separation and concentration car-
ried out with the utilization of a mixture of
substances containing certain organic sulfur
compounds.

According to the present invention, im-
proved results can be obtained in the separa-
tion of minerals and concentration of ores by
carrying out the flotation operation with the
addition to the mineral pulp or ore of the re-
sultant organic product or compesition of
matter obtained by the hydrolytic decompo-
sition in the presence of an acid of a metal
salt of an aralkyl ester of thiosulfuric acid
represented by the formula R—S,0,M where
R denotes an aralkyl group such as C.H;CH.,
etc., and M signifies a metal, particularly an
alkali metal.

The flotation agent particularly employed
in the present invention can be prepared by
reacting benzyl chloride with sodium thio-
sulfate in substantially equal molecular pro-
portions in the presence of water, and subse-
?uently subjecting the sodium benzyl thiosul-

ate thus produced, and without isolation
from the reaction mixture containing it, to
hydrolytic decomposition by adding an acid
thereto, such as hydrochloric or sulfuric &cid,
and heating the mixture, preferably to or near

the boiling temperature as described in our

co-pending application filed of even date
herewith, which has matured into Patent No.
1,729,615, granted October 1, 1929, When
the reaction is complete, two liquid layers are

produced, an oily layer and an aqueous layer. -

The oily layer, which comprises the flotation
agent particularly utilized in the present in-
vention, is separated in any suitable manner.
The flotation or modifying agent thus ob-
tained is relatively insoluble in water but is
soluble in alcohol, benzene, aniline, xylidine,
cresol. pine oil, carbon tetrachloride and other
organic solvents. It is comprised chiefly of
benzy! mercaptan (about 60 to 75 percent)
asscciated with dibenzyl disulfide (about 20
to 35 percent), together with relatively small
amounts of other hydrolytic decomposition
products of sodium benzyl thiosulfate.

Application filed May 20, 1927. Serial No. 193,058,

Analogous products can be obtained in a simi-
lar manner by the decomposition in an acid
medium of the metal salts of other aralkyl
thiosulfates obtained by the action of aralkyl
halides on sodium thiosulfate. It will be un-
derstood, however, that the use in flotation
operations of mixtures comprising an aralkyl
mercaptan and a diaralkyl disulfide, whether
said mixtures are prepared by mechanical or
by chemical processes, are included within
the scope of the present invention.

In carrying out the flotation process, the
flotation agent comprising the product ob-
tained by decomposing the métal salt of an
aralkyl ester of thiosulfuric acid, such as
sodium benzyl thiosulfate, in acid aqueous so-
lution may be incorporated with the ore or
mineral pulp in any suitable manner and at
any suitable time which will insure a satis-
factory flotation operation. For example, it
may be introduced in the free state or it may
be dissolved, suspended or dispersed in any
suitable solvent or dispersing agent such as,
for example, water, caustic alksali, or one or
more of the usual flotation oils or oil mixtures,
or in any suitable organic solvent or medium
such as, for example, an aromatic hydrocar-
bon or an aromatic amine or a phenol, and in-
corporating the resulting solution, suspen-
sion or dispersion with the ore or ore pulp.
While the present flotation agent sgows
marked action as a flotation or collecting
agent in ore concentration, it generally ex-
hibits wieak and usually insufficient frothing
qualities and, therefore, is ordinarily used to
advantage in conjunction with any suitable
and well-known frothing agent, e. g., pine oil,
crude turpentine, tar aeids, etc. It may be
sometimes used with advantage in conjunc-
tion with other flotation agents.

The process of the present invention may
be carried out in any suitable apparatus, for
example, those of the pneumatic type such
as the Callow cell, or those where the air
is incorporated with the mixture by me-
chanical agitation such as the Janney appa-
ratus, or the like.

Tt is of advantage in many cases, such as
with certain copper ores, to submit the pulp
to the action of an amount of alkali to give
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it a distinctly alkaline reaction before sub-
jecting it to the flotation operation with the
aid of the flotation agent of the present in-
vention. The alkali may be caustic alkali
such as caustic soda, or an alkaline salt such
as soda ash, or it may be calcium oxide or
hydrate. .

In the differential separation of various
minerals, such as zinc blende from associated
minerals, the presence of an alkali metal
cyanide, or of copper sulfate or other salts,
is sometimes advantageous.

The amount of flotation agent required to
be used in the flotation operation will vary,
it depending partly on the character and
composition of the ore, and partly on other
factors. Ordinarily, about one-sixth to one-
fourth pound of the flotation agent per ton
of ore will be sufficient; while in other cases
larger or smaller amounts than this may be
required. :

The invention will be further illustrated
by the following specific examples, but it
will be understood that the invention is not
limited thereto. The parts are by weight.

Example 1—500 narts of a copper sulfide
ore (from Butte, Montana) assaying 1.51

percent of copper was ground in a ball mill-

with 210 parts of water and 0.75 parts of
hydrated .lime (equivalent to 3 pounds per
ton of ore) until practically all of the mix-
ture was sufficiently fine to pass a 40-mesh
screen. The ground pulp was diluted with
water to give about 16 percent solids and
subjected to flotation in a Janney flotation
apparatus with the addition in the free state

- of 0.042 parts (equivalent to one-sixth pound
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per ton of ore} of the flotation agent pre-
pared bv the hydrolytic decomposition of
sodium benzyl thiosulfate as herein de-
scribed. The mixture was agitated for 20
minutes during which time 0.04 parts of pine
oil was introduced. 47.1 parts of a concen-
trate assaying 15.8 percent of copper was
obtained which is a recoverv in the concen-
trate of 96.5 percent of the copper. The
tailings assaved 0.06 percent copper. It
mayv be remarked that in this test 31.2 parts
of a concentrate assaving 22.5 percent copper
was obtained at the end of the first 10 min-
utes of agitation. During the next 10 min-
utes of agitation, 15.9 parts of a concentrate
assaving 2.92 percent copper was obtained.

Example 2.—500 parts of a copper sulfide.

ore (from Butte, Montana) assaying 1.51
percent copper was treated as in Example 1

| except 0.0625 parts (equivalent to one-fourth

60

pound per ton of ore) of said flotation agent
dissolved in a small amount of one-tenth
normal caustic soda solution was used in
place of the 0.042 parts of the agent in the
free or undissolved state. 43.2 parts of con-

centrate assaying 16.165 percent copper was

obtained, which is a recovery of 95.7 percent

“als, the process which comprises subjecting a

1,904,463

of the copper.
percent copper.

It will thus be hoted that the present in-
vention contemplates the utilization as a
fiotation agent of the product obtained by
the hydrolytic decomposition of a metal salt
of an aralkyl ester of thiosulfuric acid, par-
ticularly sodium benzyl thiosulfate, in acid
solution; that the flotation agent may be in-
corporated with the ore or mineral pulp in
any well-known or suitable manner; that it
may be used in the free state or in solution,
suspension or dispersion in' any suitable
solvent or medium; that it may be used in
the differential separation of minerals; and
that it may be used in conjunction with a-
frothing agent or with other flotation agents,
or both.

It may be understood that the present in-
vention is applicable to the treatment of

The tailings assayed 0.07
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various kinds of mineral mixtures, both

natural and artificial, which are amenable
to concentration by flotation processes.

We claim: ,

1. In effecting the concentration of miner-
als, the process which comprises adding to the
mineral pulp a flotation agent comprising the
product relatively insoluble in water obtain-
able by the decomposition of a metal salt of
benzyl thiosulfuric acid in the presence of
water and an acid, and subjecting the mix-
ture to a froth flotation operation.

2. In effecting the concentration of miner-
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mineral pulp to a froth flotation operation in 100

the presence of the product relatively insol-
uble in water obtainable by the hydrolytic
decomposition of sodium benzyl thiosulfate
in the presence of water and an acid.

3. In effecting the concentration of miner-
als, the process which comprises incorporat-
ing with a mineral pulp an aralkyl mercap-
tan associated with a diaralkyl disulfide, and
subjecting the mixture to a froth flotation
operation. , 110

4. In effecting the concentration of miner-
als, the process which comprises subjecting
a mineral pulp to a froth flotation operation
in the presence of an aralkyl mercaptan, a
diaralky! disulfide, and other organic prod-
ucts resulting from the hydrolytic decompo-
sition of an aralkyl thiosulfuric acid.

5. In effecting the concentration of miner-
als, the process which comprises subjecting ¢ 5,
mineral pulp to a froth flotation operation in
the presence of benzyl mercaptan, dibenzyl
disulfide, and other organic products result-
ing from the decomposition of sodium ben-
zyl thiosulfate in the presence of an acid.

6. In effecting the concentration of min-
erals, the process which comprises incorpo-
rating with a mineral pulp a composition
containing about 60 to 75 percent benzyl mer-
captan and 20 to 35 percent dibenzyl disul- 13¢
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"ﬁde,: and subjecting the mixture to a froth

flotation operation.

7. In effecting the concentration of miner-
als, the process which comprises subjecting
an ore pulp to a froth flotation operation in
the presence of the product relatively insol-
uble in water obtainable by decomposing so-
dium benzyl thiosulfate in aqueous solution
in the presence of sulfuric acid.

8. In effecting the concentration of miner-
als, the process which comprises subjecting
an ore pulp to a froth flotation operation in
the presence of the product relatively insol- -
uble in water which can be obtained by first
reacting benzyl chloride with sodium thiosul-
fate in the presence of water with formation
of a reaction mixture containing sodium ben-
zyl thiosulfate and subsequently heating said .

" reaction mixture in the presence of sulfuric

acid.

9. In effecting the concentration of miner-
als, the process which comprises subjecting
an ore pulp to a froth flotation operation in
the presence of a mixed product containing
benzyl mercaptan, said product being rela-
tively insoluble in water and obtainable by
heating sodium benzy! thiosulfate in aque-
ous solution in the presence of an acid added

thereto.

10. In effecting the concentration of miner-
als, the process which comprises subjecting
an ore pulp to a froth flotation operation in
the presence of benzyl mercaptan associated
with dibenzyl disulfide.

11. In effecting the concentration of a cop-
per sulfide ore, the process which comprises
subjecting an alkaline pulp of the ore to 2
froth flotation operation in the presence of
the product relatively insoluble in water
which can be obtained by the decomposition
of a metal salt of an aralgyl thiosulfuric acid
in the presence of water and an acid.

12. In effecting the concentration of a cop-
per sulfide ore, the process which comprises
subjecting an alkaline pulp of the ore to a
froth flotation operation in the presence of
the product relatively insoluble in water
which can be obtained by the decomposition
of sodium benzyl thiosulfate in the presence
of water and of an acid.

13. In effecting the concentration of a cop-
per sulfide ore, the process which comprises -
subjecting an alkaline pulp of the ore to a
froth flotation operation in the presence of
an aralkyl mercaptan and a diaralkyl di-
sulfide.

14. In effecting the concentration of a cop-
per sulfide ore, the process which comprises
subjecting an alkaline pulp of the ore to a
froth flotation operation in the presence of
benzyl mercaptan and dibenzyl disulfide.

In testimony whereof we affix our signa-
tures.

RAYMOND W. HESS.
JOSEPH M. F. LEAPER.



