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This invention relates to a novel process for the produc-
tion of molybdenum metal from molybdenum bearing ma-
terial and more particularly from molybdenum sulphide
concentrates,

Molybdenite, MoS,, is the primary commercial source
of molybdenum metal today. The mineral generally
makes up less than 1 weight percent of the ore in which
it occurs, and it is separated from the gangue and recov-
ered as a high grade bulk concentrate by flotation. Where
the molybdenite is the major mineral constituent of the
ore, it is separated directly from the gangue as a high
grade concentrate containing 90-95% MoS,. However,
in many cases, the molybdenite occurs as a minor con-
stituent of copper sulphide ores in which case it is usnally
floated along with the copper minerals to yield a copper
concentrate containing about 25 weight percent copper
sulphide and less than about 2 weight percent molybde-
nite. The molybdenite is separated from the copper min-
erals by further flotation. Usually, multiple fiotations and
regrindings are required to obtain 50-60 percent of the
molybdenite as a 90-95% weight percent MoS, concen-
trate containing less than 1 weight percent copper.

There are two methods commonly used for the treat-
ment of molybdenite concentrates for the recovery of
molybdenum metal. In the first method, the molybdenite
is roasted at about 1000° F. to drive off substantially all
the sulphur as sulphur dioxide, leaving molybdenum tri-
oxide, MoQO;. The molybdenum trioxide is leached with
a dilute aqueous ammonia solution such as an aqueous
ammonium carbonate or ammonium hydroxide solution.
The leach solution is separated from the residue and then
evaporated until ammonium molybdate, (NH;)sMoO,,
crystallizes. Molybdenum powder is prepared from the
ammonium molybdate by reduction with hydrogen at a
temperature between about 1900° F. fo about 2000° F.
In the second method the concentrate is roasted, as it is
in the first method, to convert the MoS, to molybdenum
trioxide. However, the molybdenum trioxide from the
roasting step is not leached but is purified by volatiliza-
tion in a silica lined furnace; and the condensed, purified
MoO; is reduced with hydrogen to produce pure molyb-
denum metal.

There are a number of problems encountered in the
treatment of molybdenite by these known conventional
methods. In the first mentioned process, the purity of
the recovered molybdenum is low. Also, the presence of
copper in the molybdenite subjected to treatment by this
process is objectionable and only molybdenite containing
less than 1% copper can be processed. Ores treated
primarily for their molybdenite content gemerally also
contain copper, although not in sufficient quantity to
make its recovery by flotation economic. This copper is
usually highly disseminated in the ore and its elimina-
tion from the molybdenite concenirate is expensive and
time consuming because of the exceedingly fine grinding
required to ensure its effective separation. The elimina-
tion of copper is also a particularly serious problem
where the molybdenite concentrate is obtained as a sec-
ondary product from molybdenum bearing copper sulphide
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concentrates. For example, to obtain a 90-95% molyb-
denum concentrate containing less than 1% copper from
a copper sulphide concentrate containing 1% molyb-
denite, about 10 flotations with at least 2 regrindings are
necessary, and the recovery of molybdenite is generally
only 40-60%. :

The second process referred to above yields molyb-
denum of higher purity than is obtained in the first, but
the overall recovery of molybdenum is relatively low—in
the order of 60 to 70%. Also, it is apparent that this
method would be expensive and time consuming.

A further problem, common to each of these known
methods, is the difficulty in reducing the ammonium
molybdate or the purified MoO; to a metallic powder
having satisfactory physical characteristics and purity.
Very close control of the temperature, time, and hydrogen
flow rates is required, and, even then, impurities such as
oxygen compounds are not always completely removed.

We have developed a method for recovering molyb-
denum from molybdenite which overcomes the problems
of the prior processes and provides a relatively simple and
efficient method of recovering high purity powdered
molybdenum from this material. The method is also
adaptable for application to other molybdenum bearing
materials as will become evident in the following de-
tailed description.

Briefly, in our process, the molybdenite is converted
to MoO; by any of the conventional methods; the MoQOj;
is then leached in an ammoniacal ammonium sulphate
solution at ambient temperatures; the solution is puri-
fied, if required, to remove copper and other metal im-
purities; the molybdenum is precipitated, in the presence
of a catalyst, at elevated temperature and pressure with
a reducing gas such as hydrogen, as a complex salt con-
taining about 60% Mo; and this complex salt is then re-
duced with hydrogen at about 1800° F. to produce pure
molybdenum powder.

While the invention can be simply stated, there are
important factors which affect the operation of the proc-
ess. Such factors include, but are not necessarily limited
to, the control of the free ammonia, molybdenum, and
ammonium sulphate concentrations in the leach solu-
tion, particularly in the molybdenum precipitation step;
the selective and efficient removal of copper from the
lIeach solution, and the utilization of a catalyst or activat-

ing agent to effect precipitation of the molybdenum from

the leach solution with hydrogen.

The process of this invention permits the treatment of
concentrates with a high copper content with equal ease
as those low in copper, thus eliminating the expensive
and time consuming multiple flotation and re-grinding
steps required to produce a concentrate suitable for proc-
essing by the known methods. Also, the molybdenum
precipitate produced in the precipitation step is very easy
to filter and wash and is much more simply and quickly
reduced to pure molybdenum metal than is the corre-
sponding product produced by the precipitation or the
sublimation steps of the prior art processes.

In order to more fully describe the invention, it will
be discussed in detail below with reference to the ac-
companying flowsheet which illustrates a preferred em-
bodiment of the invention. The flowsheet is illustrative
only and is not intended to limit the invention in any way.

The starting material, which may be a high grade mo-
lybdenite concentrate containing, for example, about 55
weight percent molybdenum or a low grade material con-
taining about 35 weight percent molybdenum or less, is
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first treated to remove the sulphur and convert it to mo-
lybdenum trioxide. Preferably, the concentrate is sub-
jected to an oxidizing roast 1 in which the sulphur con-
tained in the concentrate or ore is driven off as sulphur
dioxide. The roast can be conducted in conventional
roasting equipment adapted to provide heat under oxidiz-
ing conditions such as for example a rotary kiln or a
Herreshoff multiple hearth furnace. The temperature
is maintained within the range of about 1000° F. to about
1200° F. Lower temperatures result in very slow oxida-
tion rates and higher temperatures are undesirable because
the molybdenum trioxide tends to volatilize. The rate of
oxidation is dependent on the oxygen flow rate as well
as the temperature and, therefore, it is desirable to main-
tain a strong flow of air through the roasting kiln. The
roasting- is continued until essentially all of the molyb-
denite is converted to molybdenum trioxide. Other
methods for converting the MoS; content of the concen-
trate to MoOj; could be used if desired; the only require-
ment for the purposes of the present invention being that
all or substantially all of the molybdenum content of the
starting materjal be converted to MoQ; before it is passed
to the leaching step 2.

. The leaching step 2 can be carried out in an open ves-
sel at ambient temperatures or slightly elevated tempera-
tures below the solution boiling point. The preferred
leach solution is an aqueous ammoniacal-ammonium sul-
phate solution. The ammonium sulphate concentration
is not critical in this step; any amount between about 0
g.p.l. (grams per litre) and about 350 g.p.1. will be satis-
factory. However, because the ammonium sulphate con-
centration is important in the subsequent molybdenum
precipitation step 5, it is preferable to maintain about
200 g.p.l. in the leach solution. The required amount of
ammonium sulphate can be added to the leach solution
at the outset, and thereafter proper concentration can be
maintained by re-cycling the end solution from the mo-
lybdenum precipitation step 5, as shown on the flow
sheet. Various adjustments in the operating procedure
will, of course, be required to maintain the proper am-
monium sulphate content in practice.

The free ammonia concentration in the leach solution
is important. At least 1 mole of ammonia per mole
of molybdenum must be provided in order to dissolve the
MoQ;. The NH3/Mo molar ratio must, therefore, be
maintained above 1 and preferably in the range of 1.5 to
2.5. Higher ratios do not appreciably improve results
and, in any event, it is preferable that the solution passed
to the molybdenum precipitation step have as low a free
ammonia content as is consistent with maintaining the
molybdenum in solution. The term “free ammonia” as
used herein refers to that ammonia which is titratable with
sulphuric acid,

Under the leaching conditions described above, at least
about 99% of the molybdenum and from about 85 to
about 95% of any copper present is extracted and dis-
solved in the leach solution. More than 200 grams per
litre of molybdenum can be readily dissolved in the leach
solution, but it is preferred to adjust the leach solution-
calcine proportions such that a solution containing about
150 grams per litre of molybdenum is obtained.

The leach solution containing dissolved metal values
is separated from the undissolved residue by conventional
procedures, such as by filtration and is passed to a cop-
per removal step 3. In this step, any copper in solution
is preferentially precipitated as copper sulphide. Any oth-
er metal impurities that will form insoluble sulphides un-
der the conditions of the copper precipitation step, for
example, nickel, cobalt and zinc will, of course, be re-
moved from the solution along with the copper. The
precipitation may be effected by any conventional means,
such as by the addition of ammonium sulphide, (NH,),S,
sodium sulphide, or hydrogen sulphide. The preferred
method, however, is to use elemental sulphur and sulphur
dioxide gas as the precipitant. This method is particular-
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ly suitable in the present process because it results in high-
ly selective copper precipitation and very little molybde-
num is co-precipitated with the copper; also, sulphur
dioxide is readily available from the roasting step. Ca-
nadian Patent No. 586,406 describes in detail the pro-
cedure for precipitating copper from aqueous ammoniacal
solutions using elemental sulphur and sulphur dioxide.
A high grade copper sulphide concentrate is obtained as
the product of this step and, of course, it can be treated for
recovery of copper metal by conventional methods. The
copper removal step can, of course, be eliminated if the
leach feed material is sufficiently free of copper con-
tamination.

The copper precipitation step will generally result in
the formation of unsaturated sulphur compounds such as
sulphur dioxide, thionates, and polythionates in the solu-
tion. We have found that it is necessary to remove
these compounds prior to the molydbenum precipitation
step 5 where a precious metal salt, such as palladium
chloride, is used as the catalyst in that step. It is believed
that these sulphur compounds “poison” the catalyst by
reacting with it to form a non-catalytic complex com-
pound. Where metallic powders are used as a catalyst,
this “poisoning” effect is not present, and thus it is not
essential to treat the solution to remove the unsaturated
sulphur compounds in that case. The unsaturated sul-
phur compounds are removed by treating the solution at
elevated temperature and pressure with a free oxygen
bearing gas such as air, oxygen enriched air, or oxygen
alone until they are substantially completely oxidized.
An oxygen overpressure of about 10 to about 50 p.s.i. and
a temperature of about 300° F. to about 400° F. for
about 1 to about 2 hours is generally satisfactory.

The solution is next passed to the molybdenum pre-
cipitation step 5 where the molybdenum is precipitated
from the solution by reacting it at elevated temperature
and pressure with a reducing gas such as hydrogen. We
have found that, in the presence of a catalyst, molybde-
num is precipitated from the aqueous ammoniacal-am-
monium sulphate leach solution with hydrogen gas as a
complex compound containing about 60 weight percent
molybdenum and about 5% ammonia.

We have found two basic types of suitable catalysts:
First, salts of the precious metals silver, gold, palla-
dium and platinum that are soluble in the ammoniacal
reduction solution; secondly, finely divided (in the range
of 0.5 to 300 microns) metal powders, preferably nickel
powder or molybdenum powder. The soluble precious
metal salts have a catalytic effect even when provided in
relatively small quantities, in the order of 0.1 gpl and
less, for example. Satisfactory results have been ob-
tained using about 0.005 to about 0.05 g.pl. of PACl,
and Ag,SO,.

Metal powders must be supplied in much larger quan-
tities in order to effectively serve as catalysts. For ex-
ample, from about 5 to about 20 gp.l. of mickel and
from about 50 to about 200 gp.l molybdenum powder
are required in order to promote the precipitation reac-
tion at a satisfactory rate. We have found, also, that
once an initial precipitation has been completed using
a precious metal salt or a metal powder as the catalyst,
the particles of molybdenum compound so produced
can be used as the catalyst for further reductions. Be-
cause of the high cost of the precious metal salts, the
preferred procedure, therefore, is to use one of these
materials only to promote the initial precipitation re-
action and then to recycle the material precipitated,
either before or after further reduction to pure molyb-
denum powder, to catalyze the subsequent precipitation
reactions. The size of the particles of molybdenum
compound precipitated and thus the size of the final
molybdenum metal particles can be controlled merely
by controlling the number of precipitations or “densi-
fications” conducted on a given batch of powder. Nickel
powder should be used to initiate the precipitation reac~
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tion only where its contaminating effect is not unde-
sirable.

The free ammonia concentration of the reduction
solution has a marked effect on the molybdenum pre-
cipitation reaction. There is apparently a linear rela-
tionship between NHy/Mo molar ratio and molyb-

denum precipitation rate, the rate decreasing with in- -

creasing ammonia concentration. It is therefore de-
sirable that the NH,;/Mo molar ratio of the solution
be less than about 3.0 and preferably about 1.5. At
this level, up to about 200 g.pl. of molybdenum will
dissolve in the solution without difficulty and the rate
of molybdenum precipitation with hydrogen is satis-
factory. During the precipitation reaction, only about
0.4 mole of NH; precipitates with each mole of molyb-
denum, and thus the NHz/Mo molar ratio increases as
the reaction proceeds, and the rate of precipitation de-
creases. Thus, for this reason also, it is preferable that
the free ammonia concentration of the reduction solution
be maintained at the minimum level necessary to retain
the dissolved molybdenum in solution.

The ammonia sulphate concentration in the reduction
solution is also important because, up to a concentration
of about 350 gp.l, the rate of molybdenum precipi-
tation increases with increase of ammonia sulphate con-
centration. At concentrations below about 100 gpl.
the rate of molybdenum precipitation becomes too slow
to be useful for practical purposes, and at concentra-
tions above about 250 g.pl., there is very little increase
in rate of precipitation with increased ammonium sul-
phate concentration. The preferred range for ammo-
nium sulphate concentration is thus from about 200 g.p.1.
to about 300 g.p.L.

With the free ammonia concentration and the am-
monium sulphate concentration adjusted as described
above, the reaction conditions under which the molyb-
denum precipitation reaction will proceed in the presence
of a catalyst are: a temperature within the range of from
about 200° F. to about 450° F., preferably from about
325° F. to about 350° F.; a hydrogen overpressure with-
in the range of from about 200 ps.i. to about 500 p.s.i.,
preferably above about 325 psid.; and a molybdenum
concentration between about 60 g.pl. and about 200
g.p.]., preferably about 150 g.p.l.

Under these conditions and in the presence of a
catalyst, the molybdenum precipitates as dark coloured
complex compound. Although it is clear from its com-
position and colour that the precipitate is not ammonium
molybdate, the exact nature of the precipitate is not
known. However, it is believed to be an ammonia salt
of a lower molybdenum oxide. The precipitate is gen-
erally composed of about 60% molybdenum, about 5%
ammonia, about 0.5% sulphur, and the balance oxygen.
It is in the form of uniform, oval-shaped particles of
about 1 micron to about 10 microns in size.

The precipitate from the initial reduction can be
separated from the solution and passed directly to the
subsequent steps for conversion to molybdenum metal.
In practice, however, it is preferable to use this precipi-
tate as a catalyst for conducting further reductions, the
cycles or densifications being repeated until particles
of the desired size are obtained.

Upon completion of the desired number of densifi-
cations, the precipitated particles are separated from
the solution by conventional liquids-solids separation
procedures, such as filtration, and passed to the final
hydrogen reduction step 6. The solution, or a portion
thereof, containing any residual molybdenum values
and ammonium sulphate may be recycled to the leach-
ing step as shown on the flowsheet. In the final reduc-
tion step the precipitate is heated in a hydrogen atmos-
phere at a temperature between about 1600° F. and
about 1800° F., preferably about 1750° F. Sufficient
hydrogen is supplied to combine with the oxygen con-
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tained in the precipitate, and the reduction-heating is
continued until substantially pure molybdenum powder
remains. About 1300 litres of hydrogen per pound
of molybdenum precipitate has been found satisfactory.
In treating the molybdenum precipitate under the fore-
going conditions, there is no problem of MoO; volatili-
zation as is encountered in the known commercial proc-
esses referred to above. Also, there is no problem of
agglomeration of the powder if the temperature is
kept below 1800° F., and the final product is generally
at least 99.7% pure molybdenum.
. The_ following examples illustrate the operation of the
invention in practice.

Example 1

) This exan:_lple illustrates the application of the inven-
tion to a }11gh-grade, natural molybdenite concentrate.
The analysis of the concentrate was as follows:

Percent
Mo __ - — —— 56.0
Cu - - 05
Fe —— 1.2
S. _________________________________________ 39.3
St e —— 0.89
Al e 0.72
Insol 53

300 grams of this concentrate were roasted in a rotary
kiln for 1 hour at a temperature of 1200° F. An air flow
of 34.0 1./min./lb. concentrate was maintained through
the kiln. The roasted calcine weighed 256 grams and
analyzed 64.6% Mo, 0.54% Cu, and 0.77% S. Thus,
98.3% of the sulphur had been removed. This calcine
was leached in 1000 m. of aqueous ammoniacal-ammo-
nium sulphate solution for 1 hour at a temperature of
180° F. At the outset, the leach solution contained
200 g.p.l. (NH,);SO, and had an NH3;/Mo molar ratio
of 2.0. After leaching, 23 grams of residue remained
containing 0.69 gram of Mo, 0.17 gram of copper. Thus,
99.6% of the Mo and 88.5% of the Cu was extracted.
The leach solution, which contained 1.2 g.p.l. Cu was
treated with 1.5 g.p.l. (NH,),S and after treatment con-
tained 0.0016 g.p.l. copper. The copper-stripped solu-
tion was oxidized with oxygen at 50 p.s.i. overpressure for
1 hour at 350° F. The bromate value of the solution was
reduced from 196 to less than 1 (“bromate value” as
used herein is an empirical measure of the amount of
unsaturated sulphur compounds present and is equal to
the ml. of 0.008 N. XKBrO; solution required to oxidize
5 millilitres of the solution). One litre of the oxidized
solution contained 150 g.p.l. Mo, 200 g.p.l. (NH,),SO,,
and 54 g.pl. NH; 0.05 g.pl. PdCl, was added as a
catalyst The autoclave was sealed, purged with hydrogen,
heated to 350° F. and 350 p.sd. hydrogen overpressure
was applied. The reduction was complete in 1 hour, and
the reduction end solution contained 0.1 g.p.l. Mo. Thus,
99.9% of the Mo was precipitated. The precipitate was
washed and then heated at 1750° F. in a 2 inch tube
furnace with an H, flow of 5.0 ./min. The bed thickness
was 3/4”. After 2 hours, the sample analyzed 99.4%
Mo and after 3 hours 99.8% Mo. The final product was
m.powd§r form; the particles being about 1 to about 5
microns in size.
Example 2

In this example, the same conditions as in Example 1
above were observed except that 100 g.pl. Mo powder
were used as a catalyst in place of PdCl,. 98.1% of the
Mo was precipitated from the solution in 90 minutes.

Example 3

This example illustrates the application of the inven-
tion to the treatment of low grade copper bearing molyb-
denite concentrate. The material treated analyzed 33%
Mo, 5.3% Cu, 6.0% Fe, 36.0% S, 0.4% Zn, and 2.0%



3,196,004

7

insol. This material was treated under essentially the
same conditions as described in Example 1:

(1) Roasting—1200° F. for 1 hour

(2) Leaching—180° F. for 1 hour in an aqueous am-

moniacal ammonium sulphate solution containing 200

g.p.l. (NH,)3SO, and having an NHz/Mo molar ratio

0f2.0

(3) Copper removal—(by S°4+S0,) for 1 hour

(4) Oxidation—350° F., 50 p.si. O, for 1 hour
(5) Mo precipitation from solution with Hy—0.10 g.p.l.

PdCl, catalyst, 350° F.—350 p.s.i. H, for 1 hour
(6) Reduction of Mo precipitate with H, to Mo metal—

1750° F. for 2 hours.

With this treatment, 95.3 weight percent of the molyb-
denum and 97.5 weight percent of the Cu contained in the
concentrate was recovered. The Mo was in the form of a
powder with an average Fisher micron size of 1.48 and
contained less than 0.05 weight percent Cu.

It will be understood, of course, that modifications can
be made in the preferred embodiment of the invention
described and illustrated herein without departing from
the scope of the invention defined by the appended claims.

What I claim as new and desire to protect by Letters
Patent of the United States is:

1. A process for producing high purity molybdenum
which comprises:

(a) leaching molybdenum trioxide bearing material
with an aqueous ammoniacal ammonium sulphate
solution to obtain substantially complete extraction
of molybdenum therefrom and its dissolution in the
leach solution;

_ (b) maintaining the free ammonia concentration of
said leach solution at at least about 1 mole of am-
monia per mole of molybdenum in solution and main-
taining the ammonium sulphate concentration of said
leach solution at above about 100 grams per litre;

(c) separating undissolved residue from the leach solu-
tion and reacting said solution, in the presence of a
catalyst, at a temperature of from about 200° F. to
about 450° F. with hydrogen gas provided in suffi-
cient amount to maintain a hydrogen partial pressure
above about 200 pounds per square inch, said catalyst
being at least one member selected from the group
consijsting of salts of the precious metals silver, gold,
palladium and platinum which are soluble in the am-
moniacal leach solution and finely divided metal
powders;

(d) continuing said reducing reaction to precipitate
molybdenum from said solution as a complex molyb-
denum salt; and

(e) separating the precipitated complex molybdenum
salt from the last-mentioned solution and heating
said precipitate, in the presence of a reducing agent,
at a temperature below that at which molybdenum
trioxide volatilizes to reduce the molybdenum pre-
cipitate to substantially pure molybdenum metal.

2. The process according to claim 1 in which the
catalyst is palladium chloride provided in amount be-
tween about 0.005 and 0.5 gram per litre.

3. The process according to claim 1 in which the cata-
lyst is finely divided molybdenum powder provided in
amount equal to at least about 50 grams per litre.

4. The process according to claim 1 in which the cata-
lyst is finely divided nickel powder provided in amount
equal to at least about 5 grams per litre.

5. The process according to c¢laim 1 in which, the com-
plex molybdenum salt produced in the initial operation
of the process is utilized as the catalyst for subsequent
operations of the process.

6. A process for the production of molybdenum from
molybdenite ores and concentrates containing metal im-
purities including at least copper in which the molybde-
nite bearing material is first roasted in the presence of
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oxygen fo convert the molybdenum content thereof fo
molybdenum trioxide which comprises:

(a) leaching the roasted molybdenum trioxide con-
taining material with an aqueous ammoniacal am-
monium sulphate solution to obtain substantially
complete extraction of molybdenum therefrom and
its dissolution in the leach solution;

(b) maintaining the free ammonia concentration of
said leach solution within the range of from about
1 to about 2.5 moles of ammonia per mole of molyb-
denum in solution and maintaining the ammonium
sulphate concentration of said leach solution at above
about 100 grams per litre;

(c) separating undissolved residue from the leach solu-
tion and reacting said leach solution with a sulphidiz-
ing agent to precipitate metal impurities, -including
copper, from said solution as sulphides;

(d) separating said sulphide precipitate from the solu-
tion and reacting the said solution at a temperature
of from about 200° F. to about 450° F. in the pres-
ence of a catalyst selected from the group compris-
ing finely divided molybdenum powder and finely
divided nickel powder with hydrogen provided in
amount sufficient to maintain a partial pressure of
hydrogen of from about 200 to about 500 pounds
per square inch:

(e) continuing said reducing reaction to precipitate
molybdenum from said solution as a complex salt;
and

(f) separating the complex salt precipitate from the
last-mentioned solution and heating said precipitate
at a temperature below about 1800° F. in the pres-
ence of hydrogen to reduce the precipitate to sub-
stantially pure molybdenum metal.

7. The process according to claim 6 in which the finely
divided metal powder catalyst is molybdenum powder and
is provided in amount within the range of about 50 to
about 200 grams per litre.

8. A process for the production of molybdenum from
molybdenite ores and concentrates containing metal im-
purities including at least copper in which the molyb-
denife bearing material is first roasted in the presence of
an oxygen bearing gas to convert substantially all the
molybdenum content thereof to molybdenum trioxide
which comprises:

(a) leaching the roasted molybdenum trioxide bearing
material with an aqueous ammoniacal ammonium
sulphate solution to obtain substantially complete
extraction of molybdenum therefrom and its disso-
1ution in the leach solution;

(b) maintaining the free ammonia concentration of
said leach solution within the range of from about
1 to about 2.5 moles of ammonia rer mole of molyb-
denum in solution and maintaining the ammonium
sulphate concentration of said leach solution at above
about 100 grams per litre;

(c) separating undissolved residue from the leach solu-
tion and reacting the solution with a sulphidizing
agent to precipitate metal impurities including copper
from said solution as sulphides;

(d) separating said sulphide precipitate from the solu-
tion and oxidizing said solution with a sulphur-free
oxygen bearing gas at a temperature above about
300° F. and under a partial pressure of oxygen above
about 10 p.si.;

(e) reacting the oxidized solution at a temperature of
from about 200° F. to about 450° F. in the presence
of a catalyst selected from the group consisting of
palladium salts, silver salts, platinum salts and gold
salts, said salts being soluble under the conditions
of reaction, with hydrogen gas provided in a sufficient
amount to maintain a partial hydrogen pressure of
from about 200 to about 500 pounds per square inch;
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(f) continuing said reducing reaction to precipitate
molybdenum from said solution as a complex molyb-
denum salt; and

(g) separating said complex molybdenum salt precipi-
tate from the last-mentioned solution and heating
said precipitate at a temperature below about
1800° F. in the presence of hydrogen to reduce the
precipitate to substantially pure molybdenum metal.

9. The process according to claim 8 in which the cata-
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