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PRODUCTION 01F LUBRICANT-GRADE MOLYBDENITE 
FROM BYIPIRODUCT CONCENTRATES OF PORIPI-IYRY 

COPPER ORES 

BACKGROUND OF THE INVENTION 

Field ‘ 

The invention has to do with the metallurgical upgrading of 
byproduct molybdenite ?otation concentrates that are com 
monly derived by copper producers from general ?otation 
concentrates resulting from the milling of low-grade porphyry 
copper ores. 

State of the Art 
A variety of upgrading procedures are customarily em 

ployed in the particular art concerned to produce a molyb 
denite concentrate of acceptable commercial grade for the 
production of molybdic oxide and related products. Lubri 
cant-grade molybdenite, however, requires such a high degree 
of purity (98% M052; —0.40% insol) that heretofore no signi? 
cant success has been attained by porphyry copper ore proces‘ 
sors in the practical production of such product; it has been 
left to the processors of relatively high-grade molybdenum ore 
to supply market demands. 

Objectives 
In the making of the present invention it was a principal pur 

pose to provide an economically attractive process for the 
production of a lubricant-grade molybdenite product from the 
relatively impure molybdenite concentrates customarily ob 
tained by primary copper producers as a byproduct from 
general copper sul?de-molybdenite ?otation concentrates. 
Another purpose was, by so doing, to improve operation of the 
conventional molybdenite recovery plant customarily utilized 
by such copper producers. 

SUMMARY OF THE INVENTION 

The present process may utilize several well-known metal 
lurgical processing techniques in combination with a special 
grinding procedure and a subsequent ?otation step for the 
selective ?oating of the molybdenite and recovery thereof as 
an exceptionally high-purity froth concentrate. 
Thus, a byproduct molybdenite concentrate, which usually 

though not necessarily will be of commercially acceptable 
grade for the production of molybdic oxide, but below lubri 
cant grade, may be ‘passed sequentially through a number of 
processing steps, such as sizing, dewatering, steaming, and 
again dewatering, before being subjected to light impact 
grinding for only so long as fractures the gangue minerals and 
merely ?attens the molybdenite. Grinding for too long a time 
even with light impact, as in small diameter ball mill using a 
light load of lightweight balls, will tend to fracture the ?at 
tened molybdenite and reduce the effectiveness of the 
process. _ 

The grinding not only frees most of the molybdenite from 
other minerals which impair its ?oatability, but, by reshaping 
the molybdenite mineral grains into ?at ?akes or platelets, it 
removes previously absorbed reagents and produces fresh new 
broad surfaces that apparently are favorable for ?oatability. A 
molybdenite froth concentrate of high purity is obtained in a 
subsequent ?otation step using reagents speci?c to molyb 
denite. 

THE DRAWING 

The single FIGURE of the drawing constitutes a ?owsheet 
schematically illustrating a combination of processing steps 
presently contemplated as the best mode of carrying out the 
invention in actual practice. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

As illustrated, it is presently preferred to pass the porphyry 
copper molybdenite concentrate in its slurry form into a vessel 
10, from where it is fed under the control of a pump 11 to a 
cyclone I2 for separation of coarse and ?ne particles. The 
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fines fraction ‘(usually 3l5-mesh or ?ner) is passed to a 
thickener 13, and the thickened solids are passed by means of 
a diaphragm pump 14 to a conditioning vessel 15 for steaming 
‘to remove most of the surface-adherent reagents carried over 
from the earlier general ?otation treatment of the porphyry 
copper ore concerned and to deactivate so far as possible ‘the 
gangue minerals. The conditioned molybdenite concentrate is 
then passed to a second thickener 16 for dewatering prior to 
being passed to the special grinding stage of the process. 

It should be noted that the insoluble and copper and iron 
mineral content of the feed concentrate will be considerably 
reduced by the sizing step and that, although cycloning is a 
preferred way of carrying out the sizing, screening or other 
size classi?cation procedures can be employed for the pur 
pose. Also, in addition to dewatering, the thickening opera 
tions serves to store the feed material for batch operation of 
the system, to exercise a limited washing function in eliminat 
ing carryover reagents, to cool the mineral material following 
steaming, and to regulate the feed to the remainder of the cir 
cuit. 

In specifying the steaming step, it is assumed that a xanthate 
was utilized as a collector reagent for the copper minerals in 
the initial treatment of the porphyry copper ore by ?otation to 
obtain the general ?otation concentrate from which the 
molybdenite ?otation concentrate, constituting the feed in the 
present process, was derived. If a different reagent or other 
conditioning procedures were employed, it may not be desira~ 
ble to utilize the steaming step or it may be advisable to sub 
stitute other steps therefore, all as will ‘be apparent to those 
skilled in the art. 
The thickened solids from the second thickener are passed, 

under the control of a pump 17, to a special ball mill 18 
adapted to exercise only light impact. Thus, such ball mill is 
advantageously of smaller diameter than would normally be 
utilized in a grinding circuit of the type concerned and ad 
vantageously contains fewer and lighter grinding balls. On the 
other hand, the grinding equipment may be a suitable pebble 
mill or some other type of apparatus that will fracture the in 
soluble gangue while merely ?attening the molybdenite to 
produce ?akes or platelets. It is impractical to attempt to 
specify in greater detail the characteristics of the apparatus or 
procedures employed for this grinding step, but the grinding is 
easily carried out and controlled as required for any given feed 
material by observing the nature of the produce resulting 
therefrom. Grinding time is important from the standpoint of 
producing the desire ?akes of molybdenite with a minimum of 
fracturing thereof by prolonged subjection to impact, even 
though such impact be relatively light. 
The discharge from this grinding step of the process is 

passed to a conditioning tank 19 along with the conventional 
reagent for depressing copper and iron sul?des and, after ap 
propriate conditioning in conventional manner, is passed to 
rougher and ?rst cleaning cells of a ?otation circuit 20, which 
is of conventional type for the ?oating of the molybdenite 
while depressing the copper and iron sul?des. 
As illustrated, the molybdenite ?oat concentrate is passed 

through additional processing for further cleaning. This in 
cludes dewatering in a thickener 21, grinding as before 
described in a special ball mill 22, conditioning in a condi 
tioner 23, and ?otation in second and third cleaning cells of a 
flotation circuit 24. 
The tailings from ?otation circuit 20 and ?otation circuit 24 

of the present process represent a regular molybdenite con 
centrate. These tailings are consolidated, as shown, and are 
passed to the regular molybdenite plant. 
To guard against the possibility that any fine insoluble gan 

gue remains therein, the final molybdenite froth concentrate 
from ?otation circuit 24 of the present process is desirably 
passed to a vessel 25, from where it is fed under the control of 
a pump 26 to a cyclone 27 for a ?nal size separation treat 
ment, the separated ?nes being run into the stream of con 
solidated tailings that are returned to the regular molybdenite 
plant. 



3,645,455 
3 

The coarse fraction from this ?nal size separation step 
represent the lubrication-grade molybdenite desired. It is 
passed through a ?lter 28, and the residue ?ake solids making 
up the ?lter cake are dried in any suitable dryer 29 and pul 
verized in any suitable pulverizing mill 30 to provide the final 
commercial product meeting size speci?cations for a lubri 

' cant'grade molybdenite. 
The coarse fraction from the initial sizing of the feed molyb 

denite concentrate is advantageously continuously passed 
from the cyclone 12 through a separate processing circuit 
comprising a regular ball mill 31, conditioner 32, and ?otation 
cells 33. This coarse fraction contains most of the impurities 
present in the feed concentrate. The tailings from the ?otation 
circuit 33 are peculiarly adapted for upgrading in the regular 
molybdenite plant. If returned as a circulating load to the 
plant from which it originally came, this molybdenite ore 
material is especially adapted to subsequent regular ?otation 
treatment by reason of the treatment received during the 
present process. Thus, insoluble gangue minerals are liberated 
from previous attachments to the molybdenite by reason of 
the grinding and are deactivated in preparation for the regular 
?otation procedure. The molybdenite froth concentrate of 
?otation circuit 33 goes to the ?rst thickener 13 by way of a 
vessel 34 and pump 35. 

Typical of comparative tests performed in accordance with 
the above are the following: . v I 

A quantity of a byproduct molybdenite concentrate from 
the regular molybdenite plant of the Chino Mines Division of 
Kennecott Copper Company was sized by screening through a 
standard ZOO-mesh screen. The oversize, containing about 3 
percent of the copper, 40 percent of the iron, 55 percent of 
the insolubles, and 12 percent of the molybdenite, in the sam 
ple was rejected. The ?nes were split into four parts and 
processed in parallel in accordance with the ?owsheet. Each 
part contained about 1,000 grams of solids assaying for 
copper, iron, insol, and molybdenite as indicated in a table of 
results appearing herebelow, and each was dewatered to about 
60 percent solids, steamed for 30 minutes, dewatered again to 
about 60 percent solids, subjected to light-impact grinding for 
30 minutes to fracture gangue minerals and place the molyb 
denite in ?ake form with clean polished surfaces, repulped to 
a density of 20 percent solids. conditioned, and subjected to 
?otation with the recovery of lubrication-grade molybdenite 
(98.8% MoSz; 0.32% insol). 
A single processing stage was employed for each test, but 

the ?otation step included a rougher and three cleaning 
stages. These were carried out in accordance with the follow? 
ing table: 

TABLE I 

‘Im- a I‘ V m 7H 1st and 2nd W m M» 

12.4 12.4 2.5 

l.0 1.0 0.2 

0.05 0.05 ...................... .. 

0.05 0.12 0.02 

4.0 1.0 0.5 
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4 
Head assays and results of these tests utilizing the process of 

the invention were given in the following table: ' 

TABLE ll 

Head tests (after sizing) Product tests 

I 2 3. 4 l 2 3 4 

1.13 1.14 1.14 .25 .24 .25 .24 
2.39 2.30 2.30 .16 .i6 .I6 .15 
11.04 ll.l2 |l.ll .30 .29 .36_ .32 
82.3 82.0 82.9 98.5 98.8 98.9 ' 99.2 

MOS, ................................................ .. 30. I 27.6 22.l 

Corresponding tests were made under similar conditions 
with samples of the same feed material but utilizing conven 
tional upgrading procedures. Results are given in the following 
table: 

TABLE ill’ I 

Reg MOS; conc. tests Circulating load tests 

1 2 v3 4 ' 1 2 3 4 

1.25 1.17 1.11 1.81 1.81 1.81 1.81 
.............................................. .. 30.99 30.99 30.99 30.99 

85.9 93.9 87.9 57.5 57.5 57.5 57.5 I, 

dist. 
MoS9. ‘54.3 57.8 62.8 69.8 15.6 14.6 15.1 14.2 

Whereas speci?c procedures are illustrated and described, . 
it should be realized that other procedures could be employed 1 
within the purview of the disclosed inventive concepts. 
What I claim is: 
l. A process for the production of lubricant-grade molyb 

denite from high purity molybdenite concentrates derived 
from general copper sul?de-molybdenite ?otation concen 
trates as a byproduct of the recovery of copper from porphyry ‘ 
copper ores, said process including the steps of_ _ _ 

subjectlng such molybdenite concentrate to impact gnndmg 
suf?ciently light in character and short in duration to 
merely ?atten the molybdenite and form it into ?akes; 

subjecting the so-treated molybdenite concentrate to ?ota- - 
tion for collecting the ?ake molybdenite into a froth con- . 
centrate; 

recovering the said froth concentrate of ?ake molybdenite; 
removing any'signi?cant quantities of impurities that may I 
remain in said concentrate of ?ake molybdenite; and 

preparing the resulting ?ake molybdenite as a lubricant 
grade product. 

2. A process in accordance with claim 1, wherein the 
: molybdenite concentrate feed to the process is preliminarily 
treated for quantity reduction of gangue impurities. 

3. A process in accordance with claim 2, wherein the 
preliminary treatment comprises sizing the molybdenite con 
centrate feed, and passing only the ?nes fraction resulting - 
therefrom to the impact grinding step. 

4. A process in accordance with claim 3, wherein before , 
passing the ?nes fraction to the impact grinding step, said frac 
tion is treated for removal of carryover collector reagents 
from mineral particle surfaces. 

5. A process in accordance with claim 4, wherein the coarse 
fraction is subjected to grinding and conditioning in prepara 
tion for ?otation and is then subjected to ?otation for the 
recovery of molybdenite contained thereby. 

* * * * * 
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