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ABSTRACT: An improved conditioning and flotation process
for the separation of molybdenite from copper sulfide concen-
trates. A copper sulfide concentrate containing molybdenite is
heated, preferably to boiling or near boiling, in the presence of
209/3, an oxidizing agent such as sodium hypochlorite. Following
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dilution and cooling, the resulting pulp is subjected to flota-
tion in the presence of a collector reagent for molybdenite to
produce a molybdenite froth concentrate substantially free
from copper sulfide minerals. )
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PROCESS FOR SEPARATING MOLYBDENITE FROM.
COPPER SULFIDE CONCENTRATES

BACKGROUND OF INVENTION

1 Field of the Invention

The invention relates to the art of froth flotation. It is par-
ticularly concerned: with conditioning flotation concentrates
of copper sulfide minerals containing relatively small amounts,
of molybdenite prior to subjecting the concentrates to dif-
ferential flotation for the recovery of molybdenite mineral.

2. Description of the Prior Art

Froth flotation involves the fine grinding of mixtures of dif-
ferent minerals or of minerals and gangue materials and sub-
jecting them, in the form of an aqueous suspension or pulp, to
agitation and aeration in the presence of chemical reagents
which produce froth. Conditions are controlled to cause parti-
cles of one or more of the component materials to cling to the
bubbies of the froth and rise therewith away from the body of
pulp.-When finely ground copper ores are subjected to.flota-
tion, there is ‘typically recovered a concentrate including
copper sulfide, iron sulfide and ‘molybdenite. Additional
processing is required to recover the individual constituents
from these concentrates.

Various flotation processes have been previously developed
and widely used industrially for separating molybdenite

minerals from. copper sulfide-molybdenite concentrates.-

2

c_hloratés. and the permanganates of the alkali and alkaline
earth metals to the extent they are soluble in the alkaline pulp
or suspension.

The quantity of oxidant employed is highly variable and de-
pends in part upon the oxidizing power of the particular oxi-
dant selected for use. An effective amount of the oxidant is all

- -that is required. By “effective amount” is meant an amount

10

15

20

25

These processes are concerned-with-either floating the molyb- -

denite while depressing the copper sulfide minerals or vice
versa. The collectoi‘ reagents which accumulate in the concen-
trate from the original ore pulp interfere with subsequent
selective flotation-procedures. Accordingly, the concentrates
must be conditioned to remove or modify these reagents prior
to reflotation. Heating of the concentrates, as a conditioning
step prior to reflotation, has long been:practiced, but Arbiter
et al., U.S. Pat. No. 2,559,104, propose the conditioning -of
such. -a ‘concentrate - with ‘an -oxidizing. agent, e.g. a
hypochlorite prior to reflotation for recovery of the molyb-
denite, to.avoid the customary heating procedure.

"The. copper producing industry has long sought less costly -

and more efficient processes for separating molybdenite from
. copper sulfide flotation concentrates. Despite the cost of heat-
ing large ‘volumes. of :flotation. pulp, processes based upon

steaming (heating) as a means of removing copper flotation.

circuit reagents and modifying mineral surfaces for reflotation

have been favored and have continued to be employed in at
- least certain stages of an overall flotation pracedure involving

both roughing and cleaning stages. :

v SUMMARY OF THE INVENTION:

In. accordance .with -the present invention. the 'prior -art
steaming process is significantly improved, from: the: stand-
point: of recovery-and overall. cost.efficiency, by. introducing

. an oxidizing--agent into the - .pulp: during - the -heating stage
Thus, instead of substituting.the use of an oxidizing agentin-a
conditioning step for:the customary. conditioning by heating,
we have found that results superior.to those obtained by either
heating or oxidizing are achieved by combining the. two.
Overall efficiency:is.enhanced and economic returns.are in-
creased by the practice of this invention,

Any oxidizing agent that functions as.an.oxidant for the.or-

~ ganic collector under the conditions.of the. treatment may: be
employed. Thus, any. of:the oxidants suitable for-use-under
ambient conditions, such as those taught by the aforesaid U.S.
Pat. 2,559,104, may be used.in accordance with-the instant in-
vention, Some oxidizing; agents; e.g.,
more effective under.acid:conditions while others.are more ef-
fective under: basic conditions. Present: commercial practices
employ alkaline flotation conditions, so those.oxidizing agents
which are effective oxidants:under alkaline conditions are of
most immediate; interest.- Suitable oxidants. of :this type are
readily determinable by those skilled in the art, butinclude, by
way: of - example, the peroxides, the hypochlorites, “the

the: dichromates, are:
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sufficient to result in significantly more effective treatment of
the concentrate that would result from the application of heat
alone. Skilled operators can readily determine the amounts of
oxidizing agent required by observing the characteristics of
the treated concentrate when it is fed to a differential flotation
circuit. Inadequately treated concentrate carries undesirable
amounts of frother into the flotation machine. The presence of
this frother-is immediately apparent to the operator. Amounts
of oxidizing agent less than the amounts employed at ambient
temperature in accordance with the prior art are effective in
the practice of this invention, The upper limit to the quantity
of oxidizing agent present  is generally established by
economic rather than process considerations. When sodium
hypoachlorite is the oxidizing agent employed, the amount used

‘typically ranges from about 1 to about 10 pounds per ton of

the solids fed to the process. Other oxidizing agents are used in
amounts sufficient to provide oxidizing power equivalent to
between about 1 and about 10 pounds.of sodium hypochlorite
on the aforestated basis.

According tothis invention, the concentrate is supplied to a
treatment vessel in the-form of an aqueous suspension or pulp.
An effective amount of oxidizing agent is supplied to the pulp.
The pulp is then subjected to heating for sufficient duration to

-effect the treatment. The temperature of the pulp is raised to

substantially. above.ambient, i.e., above the equilibrium tem-
perature of the concentrate due to its being processed under
ambient conditions. Although heating to lesser degrees is
beneficial, the pulp isideally heated to at least approximately
its. normal boiling point. At these temperatures, treatment
times -as low:as 5. minutes. are often sufficient. In commercial
practice, somewhat longer treatment times, e.g., about 15 to
about 30.minutes, rarely more than 1 hour, are preferred. The
temperature of the treatment may be raised to above the nor-
mal boiling point of the pulp, if desired, by employing elevated
pressure conditions.”

According to the most preferred embodiments of the inven-
tion, the treatment is conducted under conditions of high lime
alkalinity. That is, the pH of the pulp is raised to above about
11, ideally between about 11 to about 12.2 by the addition of
lime prior to-or during the treatment. It is also desirable to ad-
just the water content of the pulp to provide about 50 to about
60 percent by. weight: solids in-the pulp during the claimed
treatment..

THE. DRAWING

The flowsheet in:the accompanying drawing illustrates-a
preferred embodiment of the process applied to'a concentrate
containing both molybdenite and copper sulfide minerals. The
procedures’indicated represent the best mode presently con-
templated of carrying out the invention.

DESCRIPTION:OF THE ILLUSTRATED EMBODIMENT

As illustrated, feed: concentrate, in‘the form. of an aqueous
pulp, is preferably first conditioned with lime to raise the:pH
above ‘11, e.g. to 12.2. It is then partially dewatered by
thickening in customary manner to produce an:aqueous pulp
containing: 50 to 60 percent solids. The oxidizing agent, which
is: preferably. sodium:hypochlorite because of its availability,
low cost, and excellent. performance, is added on the basis of

-4.1. pounds per ton-of solids fed to the process. The resulting;.

pulp: is. then subjected- to the usual steaming treatment,
wherein live steamis injected thereinto to'raise it to-or near its
boiling point. The pulp is held at elevated temperature for an
appropriate duration, typically about 30 minutes, after which
it is cooled and diluted with water. Sufficient water is added to
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effect a pulp density suitable for the subsequent reflotation
step by which molybdenite is floated away from the copper
and iron sulfides with which it is mixed.

Flotation of the molybdenite is carried out in customary
manner, with the usual collector and frother reagents specific
to molybdenite. Nokes reagent can be used, as indicated, as a
supplementary depressant for the copper sulfide minerals. In
the illustrated instance, the rougher flotation stage was fol-
lowed by four cleaner stages to produce the final MoS; con-
centrate. The number of stages employed in any given in-
stance will, of course, depend upon the particular ore con-
cerned. Small additions of the Nokes reagent are ad-
vantageously made in the several cleaning stages to assist the
cleaning operation.

It has been found that not only are the amounts of chemical
reagents and processing stages reduced over prior practices,
but the economic recovery of molybdenite is enhanced in
terms of grade of the concentrate recovered, percent MoS,
recovered, or both.

Example 1

As an example of the effectiveness of the present process,
the following comparative tests are given:

TESTNO. 1

This test was carried out in standard laboratory equipment
utilizing 1,530 grams of a copper sulfide-molybdenite flotation
concentrate analyzing as follows:

MoS,, 0.439%,
Cu, 26.60%,

and conditioned and processed as indicated in the flowsheet.
The rougher concentrate contained 98.98 percent of the MoS,
present in the initial feed. Three stages of cleaning yielded a
concentrate assaying 94.5 percent MoS, with a recovery of
85.55 percent of the MoS, present in the initial feed; four
stages yielded a concentrate assaying 97.6 percent MoS, with
a recovery of 72.52 percent of the MoS; present in the initial
feed.
A table of metallurgical results follows:

Molybdenite Copper

Weight, Percent Percent

percent Percent dist. Percent dist.

Tailing (sink)........ 88.49 0. 005 1.02 26. 5 88,17
No. 1 Cl tailing 9.30 0.18 3,88 28.6 10. 00
No. 2 CL. tailing. ... 1.62 1.03 3.88 27.0 1.64
No. 3 Cl. tailing...... 0.20 12.2 5. 67 21.8 0.16
No. 4 ClL tailing_..... 0.07 80.1 13.03 6. 50 0.062
MoS: Cl.cone ... 0.32 97.6 72.52 0.70 0.01
Calc. feed_...... 100. 00 0.43  100.00 26.6 100. 00

TEST NO. 2

This test was made on another batch (1,518 grams) of the
copper sulfide-molybdenite concentrate of test no. 1, but fol-
lowed the so-called ‘““Morenci” process of the aforementioned
prior art U.S. Pat. No. 2,559,104, Thus, an oxidizing agent was
employed instead of heating to modify pulp and mineral con-
ditions.
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Based on the solids in the pulp, the initial feed was treated,
with 4.4 pounds/ton of lime to raise the pH to 12.2 and was
thickened as in the first test. It was then conditioned with 6.2
pounds/ton of sulfuric acid, 32.7 pounds/ton of sodium
hypochlorite, 26.7 pounds/ton of sodium ferrocyanide, and
9.36 pounds/ton of burner oil and subjected to rougher flota-
tion for 7 minutes at pH 7.6. The MoS; concentrate from this
stage was then cleaned twice, 2.3 pounds/ton sodium
hypochlorite and 4.4 pounds/ton sodium ferrocyanide being
used for the first cleaning stage (7 minutes), and 0.4
pounds/ton of sodium cyanide for the second cleaning stage (3
minutes).

The metallurgical results were as follows:

Molybdenite Copper

Weight, Percent Percent

percent  Percent dist. Percent dist.

Tailing (sink).___.... 53.15 0. 022 2.19 22,6 45.44
No. 1 Cl. tailing. - 40, 36 0.10 7. 58 3.3 47.79
No. 2 Cl. tailing. 2.07 0,28 1.08 30,9 2.42
MoS;Cl. cone_ - .. 4,42 10.8 89. 18 26. 0 4,35
Cale. feed.......  100.00 0.54 100. 00 26. 4 100. 00

The rougher stages of the flotation procedure produces a
low grade froth containing 97.81 percent of the molybdenite.
The two cleaning stages produced a concentrate assaying 10.8
percent MoS, with an 89.18 percent recovery. These results
compare with the 91.22 percent Recovery from froth concen-
trate assaying 66.3 percent MoS, in the first two cleaning
stages of test no. 1, where the process of the invention was em-
ployed. In the latter, only 4.1 pounds/ton of sodium
hypochlorite was used, while in the former 35 pounds/ton of
the hypochlorite and 31.1 pounds/ton of sodium ferrocyanide
were used.

Thus, it can be seen that the process of the invention yielded
marketable grade concentrates with three stages of cleaning,
while the prior art process produced concentrates of only 10.8
percent grade. In all, reagent consumption was considerably
reduced by the process of the invention.

EXAMPLE II

This example compares results from several laboratory

" flotation tests. Tests A and B correspond to present commer-

cial practices. Tests C, D, E, and F are illustrative of the
present invention. In each of the tests, an aqueous pulp of
copper sulfide-molybdenite cleaner concentrate, collected by
a xanthate collector in the presence of pine oil, was mixed
with lime on the basis of about 6.5 pounds/ton of solids to ad-
just the pH of the suspension to about 12.2. The pulp was
thickened to about 50—55 percent solids by the removal of
excess water. The thickened concentrate was treated for 30
minutes by boiling, contact by an oxidant, or both, as in-
dicated in the table. In test C, D, E and F, the oxidant was
added just before the pulp reached boiling temperature. The
conditioned pulp was cooled and diluted to suitable pulp den-
sity for feed to the molybdenite flotation machines. The fol-
lowing table reports metallurgical values.
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Test
A B C D E F
Steam
No Yes Yes Yes Yes Yes
Oxidant
NaOCl No NaOCl KMnO; KClOy .0
Tailing (sink):
Weight, percent..........._... 45.87 903.46 95, 07 06. 65 96,23  95.76
MoS,, percent... - .07 .07 .07 .09 .06 .05
Cu, percent......__.. - 8.21 181 17,1 19.3 17.5 18.1
Distr. MoSs, percent. 5.76 11,61 10.75 13.96 11,07 8.94
Distr, Cu, percent...._....... 10.90 9196 93. 96 97.39 96.31  96.69
MoS; rougher concentrate .
Welght, percent 3,35 3.71 4,24
MoS;, percent. 16.0 12.3 11.5
Cu, percent... 14,9 17.1 18.4
Distr. M08z, percen: 86.04 88.93  01.06
Distr. Cu, percent._ .. 2,61 3.69 4.31
Caleulated feed:
.62 .52 .64
19.2 17.5 18.1
6.5 6.5 6.5
6.0 2,3 2.0
.2 2 .2

Methyl amy!l alcohol added as required to maintain froth

Whereas this invention is here described and illustrated with
respect to certain forms thereof, it is to be understood that
variations are possible without departing from the inventive
subject matter particularly pointed out in the following claims.

We claim:

1. In the conditioning of copper sulfide-molybdenite flota-
tioh concentrates containing accumulated collector reagent,
thereby to facilitate separation'of the molybdenite from the
-copper sulfides by a subsequent flotation step, the improve-
ment which comprises introducing into an aqueous suspension
of said flotation concentrates at atmospheric pressure an ox-
idizing agent, other than air; and subsequently heating at at-,
mospheric pressure and under alkaline conditions said aque-
ous suspension with said oxidizing agent therein at a tempera- :
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reagent. :
2. The improvement of claim 1 wherein the aqueous suspen- i

- sion is heated to a temperature at least approximately its boil- |
ing point. .
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3. The improvement of claim 1 wherein the oxidizing agent
is present in an amount to provide oxidizing power equivalent
to between about 1 and about 10 pounds of sodium
hypochlorite per ton of process feed solids.

4. The process of claim 1 wherein the solids content of the
aqueous pulp is adjusted to about 50 to about 60 percent
solids before the pulp is subjected to heating. :

5. The improvement of claim 1 wherein the heating is con-
ducted under conditions of high lime alkalinity.

6. The improvement of claim 5 wherein the pH of the aque-
ous suspension is adjusted to between about 11 and about 12.2
during heating and the oxidizing agent employed is an oxidant
for the flotation reagent under alkaline conditions.

7. The improvement of claim 6 wherein the oxidant is
selected from the group consisting of the inorganic peroxides,
hypochlorites, chlorates and permanganates which are soluble
in the alkaline aqueous suspension.



