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This invention relates to the treatment of
ores and more particularly has reference to the
separation and concentration of valuable con-
stituents from ores and like bodies containing

§ more than one mineral by a flotation process
which is facilitated by mineral collecting agents.

Heretofore, separation and ‘concentration of
valuable mineral constituents from ores by vari-
ous methods have been carried out. Many of

10 the methods heretofore employed have comprised

the steps:of grinding the ore to fine particles and )

then after dilution and modifying the ore, the
mass was subjected to a flotation process in which
there was employed a mineral collecting agent.
After the bulk or mass had been agitated for a
sufficient time, the desired mineral bearing froth
was removed by any suitable means,

Some organic compounds when introduced
inte a flotation reaction, materially increase the
efficiency thereof, resulting in a greater yield
of the desired constituents under the same oper-
ating conditions or by accomplishing the same
results with a smaller amount of mineral collec-
tor. Among the various substances which have
been successfully used as froth flotation collec-
tors, are thiocarbonic acid derivatives such as
sodium ethyl xanthate:
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A major object of this invention is to devise a
method of treating ores and like bodies to effect
a separation and concentration of their valuable
mineral constituents. :

Another object of this invention is to devise a
method of preparing mineral collecting agents
capable .of effecting a highly efficient separating
and concentrating process.

Yet another object of this invention is to pro-
vide a mineral collecting agent capable of stabi~
lizing & mineral flotation froth.

A still further object of this invention is to
prepare compounds which may be advantageous-
ly employed as mineral collecting agents.

In accordance with the present invention, an
ore separation process involving flotation may
be carried out, in which a suitable frothing
agent or frothing aromatic substance such as
cresylic acid, creosote and phenol is employed.
The ore may be properly prepared by grinding,
classifying, diluting, and by further condition-
ing, if necessary or desirable, with other modify-
ing agents. .

After the ore is made up into a pulp suitable
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for the flotation process, and at a desired time,

a hetero-cyclic sulfur- compound is introduced
therein. This sulfur derivative of a hetero-eyclic
compound differs from the well known thioureas
and alkyl thiocarbonates in that it is formed gg
from the interaction: of a hetero-cyclic com-
pound, carbon disulphide and a suitable alkali
metal hydroxide, such as sodium, potassium and
other hydroxides of metals having similar propm
erties.

It is proposed in this invention to employ froth
flotation collectors, compounds: prepared from
substances which may be said to be midway be-=
tween the derivatives of methane and derivatives
of benzene combined with alkalies and carbon 7g
disulphide. The particular compounds to which
I have reference, are the so called hetero-cyclic
compounds, and may be classified as a third great
division of carbon derivatives. In this class of
organic: compounds, which are somewhat similar 5
‘o the benzene compounds. in that they contain
a so called ring, these compounds differ from the
benzene or homocyclic compounds in that the
ring consists of unlike atoms. Among this class
of compounds is a group or series known as the gg
furfuran group. One compound in this group is
furan or furfuran, which is indicated by the
following structural form:

H-g=( 8
\

(o)

H—C=IC/

H

This compound in the form indicated in the
above formula is of little importance, and does
not readily react with: carbon disulphide and
an alkali- hydroxide 1o form xanthates.

An aldehyde derivative of the above compound g
furfural or furfuraldehyde is generally written
as follows:

90

H—-0=¢
\0
/

100

H—(f=C
b0

This compound may be considered as a parznt
substanece of the compounds forming the subject
matter of this invention. This compound may be
obtained from pentoses by the eliminalion of
three molecules of water, which may te facili-
tated by the influence of a hydrolizing agent, such 339
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as mineral acids, Of course, other methods of
preparing this compound have been developed
and at present, this compound may be produced
at relatively small cost. -

An alcohol which may be obtained from fur-
furaldehyde is furfuryl alcohol, which may be
represented by the following structural formula:

H
H—C=(l.l
N

0
/

H— =(i7
E—(i‘,—O—H :
H

Furfuryl alcohol may be obtained from furfur-
aldehyde by hydrogenation of the aldehyde in
the presence of nickel at approximately 190° C.
This compound may be readily “thiodized” or
treated to form a xanthate compound by react-
ing the alcohol with carbon disulphide in the
presence of caustic alkali.

Another compound which may be prepared

from furfuraldehyde, is tetra-hydro furfuryl al-
cohol. This compound may be structurally rep-
resented as follows:
H H
H— ——-——-(l)——H
/0
H—C——C~H
k-c_o-m
"

The above compound may be prepared by carry-
ing the hydrogenation of furfuraldehyde further
than in the case of the preparation of furfuryl
alcohol. This alcohol reacts with carbon disul-~
phide in the presence of caustic alkali to form
xanthate compounds which form flotation col-
lecting agents. Of the above compounds, fur-
furaldehyde, furfuryl alcohol and tetra-hydro
furfuryl alcohol are articles of commerce, and
may be obtained in the open market.

In viewing the above compounds, furfuran may
be considered as the cyclic ether of an unsat-
urated glycol, and consequently, may be said to

be a derivative of glycol. The compound repre- -

sented by
CHE=CHOH

H=CHOH

is unknown, but by replacing the oxygen of fur-

furan with sulfur, we have thiophene, which may

be indicated by the following structural formula:
CH=CH

|
8

By replacing the oxygen of furfuran with am-
monia, pyrrol may be formed which is indicated
by the following formula:
CH=CH
I /NH
CH=CH"’
The last two substances bear a remarkable re-
semblance to benzene. )

Alcohols, especially ethyl alcohol, react with
carbon disulphide and an alkali. metal hydroxide
to form alkali metal xanthates. Benzene does not
react with carbon disulphide and an alkali metal
hydroxide to form xanthates. The reaction to
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form xanthates cannot be carried out with the
hydroxy derivative of benzene, phenol, until it
has been hydrogenated. Furfural does not react
with carbon disulphide and an alkali metal hy-
droxide to form xanthates, but when the furfur-
aldehyde is hydrogenated to produce an alcohol,
the alcohol resulfing from the hydrogenation does
react with carbon disulphide, and an alkali metal
hydroxide to form the xanthates.

A xanthate compound formed from furfuryl
alcohol, which has properties of a flotation col-
lecting agent, may be prepared by subjecting fur-
furyl alcohol to the action of carbon disulphide
and an alkali metal hydroxide. As an example,
sodium furfuryl xanthate may be prepared from
the interaction of furfuryl alcohol, -sodium hy-
droxide and carbon disulphide. The compound is
prepared by treating one mol. of furfuryl alcohol
with one mol. of sodium hydroxide and one mol.
of carbon disulphide. In carrying out the re-
action, the caustic soda is dissolved in one-half its
weight of water and a mixture of the furfuryl
alcohol and carbon disulphide slowly added to the
alkali hydroxide, while the reaction mass is con-
stantly agitated. It has been found that proper
control of the reaction may be obtained by cooling
the reaction mass to 15° C. On standing, some
gas was given off from the reaction. After the re-
action has been completed, the mass sets to a
pasty solid condition.

While results better suited for commercial
practice may be obtained from other methods of
preparing an alkali metal furfuryl xanthate, I
have found that satisfactory results may be ob-
tained when the reaction is carried out in accord~
ance with the following equation:

OCH:.CH:0

’C4H30.CH:OH+N90H+083= C\=S
SNa

In accordance with the above formula, the reac-
tion substances are in the following proportions:

+H:0

Per

. M, W. cent

1 mol. furruryl alcohol '98.05=45.7
1 mol. sodium hydroxide. 40.01=18.7
1 mol. carbon disulphide. 76.12=35.6
100.0

A xanthate compound may be prepared from
the interaction of tetra-hydro furfuryl alcohol,
sodium hydroxide and carbon disulphide. As in
the case of the sodium furfuryl xanthate, the so-
dium tetra-hydro furfuryl xanthate may be pre-
pared by a reaction involving one molecule of
each of the reacting constituents. This compound
may be prepared by dissolving caustic soda or an-
other suitable alkali metal hydroxide in one-half
its weight of water, and slowly adding to the al-
kali solution, a mixture of tetra-hydro furfuryl

“alcohol and carbon disulphide. Constant agita-
tion of the reaction mass should be insured. It -

has been found that this mass should be cooled to
approximately 15° C. As in the case of the reac-
tion between the furfuryl alcohol and the other
reagents, gas is given off during standing, The

reaction mass resulting from the preparation of -

sodium tetra-hydro furfuryl xanthate sets to a
pasty solid, which is slightly more fluid than in
the case of the sodium furfuryl xanthate.
‘Sodium tetra-hydro furfuryl xanthate may be
prepared in accordance with the following equa-
tion: -
0OCH;.C4H:0
- C4H10.CH;0H+NaOH-+-CSy= c\=.s'

SNa’

+H:0
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The constituents enter into the reaction as
above set forth, in the following proportion:

Per

M. W. cent

1 mol. tetra-hydro furfuryl aleohol._____ ~-102,08=46.7
1 mol. sodium hydroxide 40.01=18.4
1 mol. carbon disulphide 76.12=384.9
100.0

While in: describing the preparation of the
above compounds,; specific reference has been
made to sodium hydroxide, I wish it to be clearly
understood. that other alkali metal hydroxides
may be employed with substantially equal results.
T also wish it to be clearly understood that alco-
hols derived from other heterocyclic compounds
which have properties similar.to furfuryl aleohol
and tetra-hydro furfuryl alcohol may be employed
in preparing xanthate compounds suitable for flo-
tation purposes.

In carrying out the separation of minerals in
accordance with the present invention, the ore
is properly prepared and is then subjected to a
flotation process in which xanthate ‘compounds
prepared in accordance with the present inven-
tion are employed. The: following examples of
practice illustrate the results obtained when em-
ploying xanthate compounds as hereinbefore set
forth. i }

1,000 grams of Anaconda Copper Mining Com-~
pany’s copper ore, crushed to about 10 mesh, were
further ground in an Abbe pebble mill for 45
minutes with burnt lime at the rate of 5 pounds
per ton of ore and 500 cc. of Roselle (N. J.) water,
After grinding, the ore pulp was further diluted
with the requisite amount of water for flotation
purposes in a Littleford laboratory flotation ma-
chine. Pine oil was used as the frother, and as
the collector, the reagent was added in the
amounts tabulated below.

Sodium
mﬂtl;lr%;le Weight Assayt .Reoover-t
xanthal percent| ies percen
1bs./ton percent| = oy - Cu:
of ore
. Heaas 100.0 | 1.33 100.0
0.08'| 1st Concentrates : 8.8 | 16.0 99.2
0.241 2nd Concentmtes ............ 22.0 .454 | 0.8
100.0
Tailings. 69.0
Loss 0.2

Note:—Had the 2nd eoncentrates been rejected hito,"the tailings,
the tailings would have contained 0.0495% Cu.

Sodium
tetrahy-
; dro . Weight éssayt Recover-t
urfury’ reent| ies percen:
xanthate bercent; “ &y, Cu
1bs./ton .
ore
‘Heads 100.0 1.33 100.0
0.00125 | 1st Concentrates : 4.5 13.42 | 45.1
0. 00500 | 2nd Concentrates_...____ e 2.9 22.44 )| 486
0.05000 | 3rd Concentrates..____._____ 441 088 2.6
96.3
0.02575 | 4th Concentrates_.._..___._. 10.0 0.441 3.7
. 100.0
0.02250 | 5th Concentrates...._______. 7.7 1 Trace | .
0.05950 | 6th Concentrates..._ 4.2 -—
ailings 65.1
Loss L2 s

0.00625 1bs, of collector floated 93.7% of total copper.
0.08200 1bs. of collector floated all the copper:

0.164 1bs. of collector floated all the copper and fron.
First four concentrates=64.7%, ‘containing all the copper.
Last two concentrates=35.3%, containing al the iron.
‘The frothing substance used was 0.3 1bs. pine oil.

3

From the foregoing results, it will be appre-

ciated that the new mineral collecting agents
forming the subject matter of this application,
materially and advantageously affect mineral
separation processes in which they are employed.
Also, the compounds hereinbefore deseribed may
be rather easily prepared from relatively low cost
raw materials which, together with the effective-
ness of the compounds, results in low production
costs of the mineral products.
. These: new flotation agents stabilize mineral
flotation froth, have selective properties, drop
iron from copper ores, are active collectors on
zine ores and are very effective even on coarsely
ground ores. . The latter is particularly desirable
as much time can be saved in the preparation of
the ores prior to treatment. Thus it will be seen
that this invention makes it possible to more effi-
ciently separate minerals from their .ores than
heretofore accomplished. ) :

While I have herein shown and-described a
practical and satisfactory process and agent for
carrying out my invention, it is, of course, obvi-
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ous that various modifications may be made. -

therein without exceeding the scope of my in-
vention, it being understood, for example, that
the homologiies and analogues of the heterocyclic
compounds may be employed in combinsation
with carbon disulphide and alkali metal hy-
droxides to produce desirable and effective
mineral collecting agents. C

I ¢claim:

1. A ‘mineral collecting. agent comprising a
tetra-hydro furfuryl xanthate.

2. A mineral collecting agent comprising an
alkali metal salt of tetra-hydro furfuryl xan-
thate. )

3. A tetra-hydro furfuryl xanthate.

4. An alkali metal salt ‘of tetra-hydro furfuryl
xanthate. . _

5. A method of separating minerals comprising
Subjecting the same to a froth flotation process
in the presence of a tetra-hydro furfuryl xan-
thate. .

6. A process of concentrating ores which con-
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sists in agitating a pulp of the ore under such

conditions that a froth is formed in the presence
of a tetrahydro furfuryl xanthate, and separating
the float.

7. A process of concentrating ores which'con-
sists in agitating a pulp of the ore under such con-

ditions that g froth is formed in the presence of -

an alkali metal salt of tetrahydro furfuryl xan-

_ thate, and then separating the float.

8. A process of concentrating.ores which con-
sists in agitating a pulp of the ore under such
conditions that a froth is formed in the presence
of the sedium salt of tetrahydro furfuryl xan-
thate, and then separating the float. -

9. A process of concenfrating ores which con-
sists in agitating a pulp of the ore under such con-
ditions that a froth is formed in the presence of
the potassium salt of tetrahydro furfuryl xan-
thate, and then separating the float.

10. The process of concentrating ores which 1.

consists in agitating a pulp of the ore under such
conditions that a froth is formed with an agent
consisting of a sulphur containing derivative of
completely hydrogenated furan, and separating

the float: :
REETHERFORD B. MARTIN.
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