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My invention relates to the treatment of
ores and like bodies containing more than one
mineral and more particularly to mineral col-

- lecting agents and the separation and con-

S centration of valuable constituents from ores
or Like bodies by the flotation process utiliz-
ing such mineral collecting agents. -

Heretofore separation and concentration of
valuable mineral constituents from ores, by

10 various methods has been carried out. All of
these methods are more or less expensive, re-
sulting in relatively high costs of produe-
tion, especially when the ore treated is poor
in the constituent sought. One particular

1 method for separating and concentrating
mineral constituents from ores is that in
which the ore is finely ground, then sub-
lected to a flotation process employing a
frothing agent, such as pine oil, or other sub-

<0 stances capable of reacting under suitable
conditions to produce a froth.

It has been found that some organic com-
pounds, particularly certain alkyl thiocar-
bonates, materially increase the efficiency of

2 the separation and concentrating process by
increasing the vield of the desired constitu-
ents under the same operating conditions or
by reducing either the amount of material
used as frothing agents, or the time required

%0 to produce the effect desired. -

The alkali metal salts of the alkyl xan-
thate, particularly sodium ethyl xanthate,
have been used to a large extent and with
great success as fiotation collectors, but when
used 1n the flotation of copper ores, they give
rise to concentrates having a relatively high
content of iron sulphides. The presence of

- Iron sulphides in the concentrates from cop-

per ores 1s, as 1s well known, not desirable.
In spite of the remarkable properties of the
alkyl thiocarbonates heretofore used and the
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increased efficiency afforded by their use, the

process 1s not yet as efficient and economical
as 1s desirable and possible to attain.

An object of my invention is to devise a
method of treating ores or like bodies to effect
a separation and concentration of their valu-
able constituents, that is, more efficient than
any method heretofore practiced. -

Another object of my invention is to pro-

salts of the a
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vide a -mineral collecting agent capable of
making a highly efficient and economical sep-
arating and concentrating process possible.
Still another object of my invention is to
devise a method of preparing a mineral col-
lecting agent capable of effecting a highly
efiicient and economical separating and con-
centrating process possible. -
With these and other objects in view, whick
may be incident to my improvements, the in-
vention in general comprises the separation
ox minerals from their ores or associated bod-
1es, by a flotation process, utilizing a suitable
frothing medium, together with a mineral
collecting agent. 65
In separating minerals from their ores ac-
cording to my invention, the ore containing
the minerals sought is properly prepared by
fine grinding, classifying, diluting, and con-
ditioning if necessary, with modifying agents. 30
The prepared ore is then subjected to a flota-
tion process, utilizing pine oil or other froth-
g agents together with a mineral collect:
agent, comprising a compound formed by
treating an alkali metal salt of a thiocar-
bonic acid derivative, with an ammonium salt.
As before pointed out, when alkali metal
Ikyl xanthates, particularly so-
dium ethyl xanthate, are used as mineral col-
lecting agents for copper ores, the concen- 80
trates obtained are relatively highly contami-
nated with iron sulphides. When the sepa-
ration process is carried out by flotation, uti-
lizing ammonium salts of the alkyl xanthates,
as the mineral collecting agent, the iron sul-

({

phide content of the concentrates obtained is
- greatly reduced. -' '

It would seem when first considered that
the ammonium salts of alkyl xanthates could
be prepared bv the same procedure employed
in the preparation of the alkali metal salts
of the alkyl xanthates, that is, by bringing
about a reaction between an alcoholic solu-
tlon of a hydroxide and carbon disulphide.
When an attempt was made to prepare the
ammonium salt of ethyl dithiocarbonic acid
by the method commonly employed for form-
ing the alkali metal salts, the reaction prod-
uct was not ammonium ethyl xanthate, but

the ammonium salt of dithiocarbamic acid, 100

90



~ represented by the formula, NH,CSSNH..

This latter compound is very volatile and
crystallizes in the form of yellow needles or

Since the general method of preparing salts
of alkyl xanthates could not be successfully

- used in preparing the ammonium salts, other

~ 1Ing results. It was attempted to replace the
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dium ethyl xanthate is to

methods were attempted with more encourag-

sodium of sodium ethyl xanthate with the am-
monium radical by the action of ammonium

~salts on the solid sodium ethyl xanthate.
~ One method of effecting the substitution of

the ammonium radical for the sodium of so-
grind 100 parts by
weight of commercial solid sodium ethyl xan-
thate containing water of crystallization with
34.7 parts by weight of commercial ammoni-
um chloride, 95% pure. A reaction will take
place immediately, as evidenced by a drop in

" temperature of the reacting mass and the evo-
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lution of some ammonia and hydrogen sul-

phide. After thorough mixing of the react-

ing mass and completion of the reaction, the

product 1s found to be lighter in color than

the sodium ethyl xanthate entering into the

reaction. -

~ The product resulting from the reaction
just described 1s completely soluble in water
and is of a yellow color.

analysis was found to contain sodium chlo-

- ride, in a quantity corresponding to the
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‘cal 1s substituted for the sodium

amounts of available sodium and chlorine in
the materials entering into the reaction.

This fact is a strong indication of the success

of the reaction, wherein the ammonium radi-
of the so-

dium ethyl xanthate. - o

As 1 all reactions between compounds,

wherein there is any possibility of side reac--

tions taking place, there are small amounts
of other compounds, such as carbonates of
ammonia, formed together with the ammo-
nium ethyl xanthate principally sought.
The major portion of the mixture, other than
the by-product sodium chloride is, however,
ammoniim ethyl xanthate, which is in mole-

_cules of the following composition: B

OC:H;

O0==8

N\

| -~ S8NH¢ _ o
The formation of the ammonium ethyl

' xanthate by the substitution of the ammoni-

um radical for the sodium of sodium ethyl
xanthate 1s relatively simple and may be car-
ried out by the dry method just deseribed or
by a wet method. In the latter method, the
sodium ethyl xanthate and the ammonium
chloride may be separately dissolved and the
separate solutions formed, mixed to bring

‘about the reaction desired. If the product is
.-$0-be shipped to locations other than the
poimnt of manufacture, that resulting from

This product upon

- 1n the reaction just described is
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the dry reaction is preferable. If, however,

‘the product is to be used at the point of man-

ufacture, the wet method may be desirable,

but either method can be used to advantage.

A modification of the wet method of prepa-
ration 1s to introduce the sodium ethyl xan-
thate and the ammonium chloride in with
the flotation charge and thus economize in
the handling of the mineral separating agent.

As the by-products produced in the reac-
tion for the preparation of the ammonium
ethyl xanthate, 1. e. sodium chloride and car-
bonates of ammonia, have no detrimental ef-
fect on the flotation separating process, the
ammonium ethyl xanthate need not be puri-
fied, and therefore the entire mixture result-
ing from the reaction may be used.

The following tabulated results were ob-
tained 1n an experimental flotation process
using some of the ammonium ethyl xanthate
described above as a separating agent.

Example of pmcticé.

Anaconda copper ore, assaying 3.5% Cu,
in an alkaline circuit.

0.08# per T.
Frothing mixture, consisting '
of 2 parts cresylic acid,
1 part pine oil, 1 part sol- B

0.64 per T.

~vent naphtha____________
Copper conc. grade_._____ 20.119%
Copper tailings_____ e 0.109%

The treatment with ammonium salts is ap-
plicable not only to the well known alkali
metal salts of the alkyl xanthates, but 1s also
applicable to the alkali metal salts of the
thiocarbonic acid derivatives of hydrogenat-
ed aromatic compounds, such as those de-
scribed and claimed in my copending appli-
cation for Letters Patent Serial No. 292,607
filed July 13, 1928. - |

When it is desired to produce the ammoni-
um salt of cyclohexanyl xanthate for instance,
a quantity of the sodium cyclohexanyl xan-

‘thate is mixed with a quantity of ammonium

chloride, sufficient to react with all of the

sodium cyclohexanyl xanthate. The reaction

in° this case being of a type identical with
that described above. The product formed
) s indicated by

the following formula:
| OCeHny

0=B

N\

- 8NH;

This prodact may be prepared by either
the dry or the wet methods, as described in
connection with the preparation of the am-
monium ethyl xanthate. Ammonium cyclo-

hexanyl xanthate is somewhat similar in ap- _

70

75

80

80

90

05

100

105

110

1156

120

125

130



1,897,265

. pearance and characteristics to the sodium
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compound previously described, although its
mineral separation properties are somewhat
better, as evidenced by the following tabu-
lated results, when compared with those
given for the ammonium ethyl xanthate.

Anaconda copper ore, assaying 8.5% Cu, in
an alkaline circuit.

Ammonium cyclohexanyl xan-

thate mixture_____________ 0.08 # per T.

Frothing mixture, consisting

of 2 parts cresylic acid,

1 part pine oil, 1 part sol-

vent naphtha_____________ 0.6# per T.
Copper concentrate grade____ 21.249,

Copper tailings___._________ 0.09%

Thus it can be seen that my invention pro-
vides for the utilization and production of
mineral separating agents which effect more
complete and economical separations than

any separating agents heretofore known or
used. |

Although T have described the preparation
and use of two specific compounds, I wish
1t to be understood that my invention con-
templates the preparation and use of all am-
monium salts of alkyl xanthates, and of hy-
drogenated aromatic derivatives of xanthic
acid, that possess properties desirable in
flotation processes.

While I have herein described a practical
and satisfactory process and agent for carry-
ing out the invention, it will be nevertheless
understood that the essential features there-

of may be effected by other alternative meth-

ods or equivalent materials, and hence I ac-
cordingly reserve the right to resort to all
such' legitimate changes as may be incorpo-

rated in the spirit and scope of the invention
as claimed. |

I claim: |

1. In a method of concentrating ores and
like bodies, the steps of conditioning the ore
pulp so as to provide a froth, and introduc-
ing into the conditioned ore the reaction
product of the interaction of an alkali metal
ethyl xanthate with an ammonium salt, in
which the ammonium radical of the ammnio-
nium salt is substituted for the alkali metal of

subjecting the so treated pulp to froth flota-
tion. ' |

4. A method of froth flotation for ores
and like bodies, comprising introducing into
a surtably conditioned ore pulp an ammonium
salt of an alkyl derivative of thiocarbonic
acid and then subjecting the so treated pulp
to froth flotation so as to concentrate the
values. L

5. A froth flotation method of concentrat-
ing ores and like bodies, comprising introduc-
Ing into a suitably conditioned ore pulp an
ammonium ethyl xanthate and then subject-

ing the so treated pulp to froth flotation so
as to concentrate the values.

6. In a froth flotation method of concen-

trating ores and like bodies the steps of con-
ditioning the ore pulp so as to provide a
froth and introducing into the conditioned
ore the reaction product of the interaction of
alkali metal salts of alkyl derivatives of thio-

carbonic acid with ammonium salts in which

the ammonium radical of the ammonium salts
1s substituted for the alkali metal of the salt

of the alkyl derivatives of thiocarbonic acid

and subjecting the so treated pulp to froth
flotation. | |
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7. A froth flotation method of concentrat- -

g ores and like bodies comprising introdue-
Ing an ammonium salt into a suitably condi-
tioned ore pulp containing an alkali metal
salt of an alkyl derivative of thiocarbonic
acld and then subjecting the so treated pulp
to froth flotation so as to concentrate the
values, the ammonium radical of the ammo-
nium salt being substituted for the alkali
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metal of the salts of the alkyl derivatives of -

thiocarbonic acid. -

8. A method of froth flotation for concen-
trating ores and like bodies comprising intro-
ducing an ammonium salt into a suitabl
conditioned ore pulp containing an alkali
metal ethyl xanthate and then subjecting the

so treated pulp to froth flotation so as to
concentrate the values.

In testimony whereof I affix my si
RHETHERFORD B. MARTIN.

sald xanthate and subjecting the so treated .

pulp to froth flotation..

2. In a method of concentrating ores and
like bodies, the steps of conditioning the ore
pulp so as to provide a froth, and introduc-
Ing into the conditioned ore the reaction
product of the interaction of sodium ethyl
xanthate with ammonium chloride, and sub-

jecting the so treated pulp to froth flotation.

3. A froth flotation method of concentrat-
g ores and like bodies, comprising introduc-
1ng ammonium chloride into a suitably condi-
tioned ore pulp confaining sodium ethyl
xanthate so as to concentrate the values, and
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