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This study deals with the separation of Mo, Cu, Zn and Pb
from concentrates of aflotation process of Elazig region fluorite
ore containing of molybdenum. The original ore contained (%)
1.08 Mo, 0.05 Cu, 1.12 Zn, 1.20 Pb and 12 F. The ore concentrate
after flotation contained (%) 19.46 Mo, 0.87 Cu, 4.54 Zn and 2.65
Pb. The fluorite itself was separated and left in the residue during
flotation process. A hydrometallurgical concentration processwas
used for the separation of Mo, Cu, Znand Pb. In view of the exist-
ence of sulfide, the concentrate was roasted at 600°C and the
concentrations of dissolved ionswereinvestigated. The result was
not fruitful. In the following work, the concentrates were roasted
at various temperatures and durations and the samples were later
trested in a autoclave at 225°C with 15 M H.SO,. Under suitable
set of conditions Mo, Cu and Zn were dissolved and Pb was |eft
behind in the form of PbSO,. The molybdenum in the solution
was separated from copper and zinc by an extraction process by
using alamine 336 (trioctylamine). (NH,).S was used to separate
molybdenum from the organic phase. Due to the presence of the
other ions such as vanadium, tantalum and niobium, the separa-
tion of molybdenum could not be achieved with H,S, but (NH,).S
was utilized in the process.
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INTRODUCTION

Molybdenum is a unique transition element with a fundamental
importance in plants and animals. It has a'so many useful industrial appli-
cations. This metal is known to have a toxic property in high concentra-
tions™2. Molybdenum is of strategic importance in industry such as health
and medical industries® and has many other usesin wireless, heat batteries,
in X-Ray tubes as anti catot, etc. For that reason, it isimportant to achieve
the required purity of the element in the extraction process”.

The method of solvent extraction is commonly used in separation of
elements from solutions and in the use of rarer elements in technological
applications’. The development of methods for a selective separation of
low concentrations of rare elements is still a subject of research. The
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homogenous liquid-liquid extraction is a currently preferred method due
to reduced time, lower costs of recovery and use of lesser amount of
organic solvents in the process. On the other hand, amines are used as
extracting agents in the extraction of molybdenum, vanadium, tantalum
and niobium®®. It has been pointed out that -Nonanol- provides a good
prospect in the extraction process of Mo, V, Taand Nb>*. In such extrac-
tion systems, n-nonylalcohol is mostly used as a phase stabilizer. In
another work related to extraction of Mo(V1) in a solution of HCIO,,
Alamine 310 and Cyanex 301 were used as extractants. The concentration
of theMo(V1) intheliquid phase was determined with thiocyanate method
in a spectrophotometer. The reaction mechanism was found to be as
follows™.
MOOz(SCN)z(aq) + ZSCN_(aq) + 2R3N H+(aq) — (RgN H)zM OOz(SCN)4(aq)
M0022+(aq) + ZRH_(aq) - MOOsz(aq) + 2H+(aq)

In the same study, a better molybdenum extraction rate was achieved
in a mixture of 5 % (volume) Cyanex 301 and of 5 % (volume) Alamine
310, where SCN- ions are absent*2,

Inan acidic (4 M HCI) medium, in the presence of niobium, the tanta-
lum has been extracted with a rate of 98.9-99.7 % by using dibenzo-18-
crown-6. The extraction rates were also investigated under various acid
concentration and temperatures conditions™. In the industrial technology,
commonly actonal, nonanol and methyl isobutyl ketones are used as
extractants for tantalum and niobium extraction and purifications process.
Intheliterature, the use of octanol and nonanol are preferred as extractants
rather than methyl isobutyl ketone due to the flammability, explosiveness
and solubility of the substance in the water>*. Mayorov and Mikolaev®
were successful in extracting tantalum and niobium with arate of 99.6 %
by using octyl alcohol in a fluorite solution and in the presence of other
rare elements.

In another study, after some preliminary treatments, Mo, V, U, Ti and
Ni were extracted from asphaltite in kerosene system using alamine 336.
In thisstudy, Mo and V were removed from the solution at arate of 100 %
and Ni?" remained in the agqueous phase. It was found that V(1) was also
extracted with V (V)™.

In another study, Mo, V and Ni were extracted in an acidic solution by
using solvents such as LIX64N, alamine 336 and aliquat 336. At a pH of
1-2 vanadium and at a pH range of 1-10 molybdenum has been extracted
with a 95 % recovery rate. At pH 2 with aliquat 336, only vanadium as
V (V) has been extracted, while Ni has remained in the aqueous phase™®.

This study deals with the issues related to extraction of Mo from
fluorite ore containing molybdenum obtained from Elazig region. In the
process, the behaviour of Ta, V and Nb that were present with molybde-
num in the solution phase, have aso been investigated.
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EXPERIMENTAL

The original ore was firstly pulverized to 100 mesh. A sample taken
was placed in an autoclave and sulfurized in (H,S + H,O) steam environ-
ment. Samples obtained from this treatment were subjected to flotation
process collectively and then selectively to produce concentrates.

The concentrate samples, taken after treatment under suitable
sulfurization and optimum flotation process condition, were found to con-
tain (%) 19.46 Mo, 0.87 Cu, 4.54 Zn and 2.65 Pb. The subsequent work in
this study was carried out on this sample. The analysis of Mo, Cu, Zn and
Pb were conducted, by using Unicom 929 Atomic Absorption Spectrom-
eter. Inthe concentrates, the presence of somelimestone, silica, compounds
of some rare elements (V, Nb and Ta), metal sulphides and pyrite have
been determined.

In the study, Merck chemicals were used. The 1.3 L steel autoclave
employed in the study was suitable to operate under 250 atmosphere pres-
sure and temperature of 350°C.

The separation experiments were carried out with the knowledge that
the majority of the compounds in the concentrates were in the form of
sulphides and oxides. Because the copper was in the form of copper
sulphide; in the first step, the samples were subjected to baking process.
According to the results found from this experiment, we tried to find
appropriate method for this process.

RESULTSAND DISCUSSION

Concentrates from collective flotation process: The results of the
flotation carried out under optimum set of conditions are given in Table-1.

Selective flotation of the collective flotation's concentrates: Inthe
flotation process, the most suitable pH was 7.5 and in this pH; 7 kg sulfu-
rized oreflotation concentrate was accumulated (denoted as*). The sample
was later subjected to a selective flotation and the results of this work are
seenin Table-2. Asindicated in Table-2, the best resultswere obtained at a
pH of 13. At this pH, the concentrate contained (%) 19.46 Mo, 2.65 Pb,
0.87 Cu and 4.54 Zn. A sample of this concentrate was subjected to a
hydrometallurgical process.

Asindicated in Table-2, at a pH of 13, large proportion of molybde-
num and copper was floated while lead and zinc remained suppressed®’.

Separation of copper from the concentrate: Dissolve the copper
and zinc and leave the rest in the solid phase, the sample was subjected to
roasting process. The roasting process was carried out at 600°C on
mixtures of various proportions of pyrite and concentrates. The roasting
processwas conducted under various temperature and durations as defined™.
The results are shown in Table-3.
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TABLE-3
VALUES OF MATERIAL DISSOLVED FROM ROASTED OF THE
CONCENTRATE AND PYRITE MIXTURES AT 600°C

Roasting ~ Pyrite  Concentrate Passed into Solution (%)
period quantity  quantity
(h @ @ Mo G  2n Pb
5 0.2 10.16 42.60 69.90 68.00 35.10
5 04 10.07 40.20 39.28 65.00 28.20
5 0.6 10.05 48.12 79.00 79.40 20.02

In this study, the aim wasto dissolve the copper and zinc whileleaving
other elements (Mo, Pb) in the solid phase. It was observed that some low
quantities of molybdenum and lead were aso dissolved. The follow up
investigations were mainly concentrated on the separation of molybde-
num, copper and zinc from lead in the solution.

Dissolving themolybdenum, copper and zinc from the concentr ate:
Inthiswork, the concentrate was roasted at temperatures of 600 and 650°C
for varying durations. Later, the roasted samples were treated in an auto-
clave at 225°C for 1 h with varying quantities of 15 M H,SO,. The samples
from resulting material were treated with water and the amount of dis-
solved molybdenum, copper, zinc and lead was determined. The results
are presented in Table-4.

Asindicated in Table-4, 100 g sample after roasting at 600°C and treat-
ment with 5 M H,SO, at 225°C in an autoclave, the amount of Mo, Cu and
Zn dissolved was found to be less than that obtained from a sample that
was roasted at 650°C and treated in an autoclave with the same amount of
15 M H,SO, for the same duration (1 h). The dissolved amount of Mo, Cu
and Zn are at maximum level from a 100 g sample roasted at 650°C and
followed by a treatment in an autoclave with 32.50 mL 15 M H,SO, and
water. The Pb remains as precipitates in the form of PbSO,. When the
solution topped up to a volume 500 mL, pH was found to be 1.15. The
analysis showed that the solution contained 19.46 g/500 mL molybdenum,
0.87 g/500 mL copper and 4.57 g/500 mL zinc.

Separation of molybdenum from solution: The separation of
molybdenum from the sol ution containing copper and zinc was carried out
using liquid-liquid extraction process. Alamine 336 (three-n-octylamine)
was used as extracting agent. All extraction experiments were carried out
as two level extractions and under previously determined conditions™.

In al extraction experiments, the temperature, duration and the
mixing speed were kept constant. In the process 100 mL capacity glass
extractor was used. The temperature was provided by a Grand W14
thermostatically controlled heater and the mixing was done, using Jamtal
Kunkel RW12 Model mechanical mixer.
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TABLE-4
VALUES OF DISSOLVED IONS FOLLOWING H,SO, TREATED
CONCENTRATESIN THE AUTOCLAVE (100 g CONCENTRATE)

Remained in the solid

Passed into solution (%) phase (%)

Mo Pb Cu Zn Mo Pb Cu Zn

Temperature
(°C)
Roasting
duration (h)

H,SO,
volume (mL)

600 3 200 197 400 100 520 803 60.0 90.0 480
600 3 300 255 305 267 865 745 695 733 135
600 3 400 86 362 175 720 914 638 825 280
600 5 300 220 388 308 880 780 612 69.2 120
600 5 400 124 402 190 746 876 598 710 254
650 3 200 824 56 802 780 176 944 198 220
650 3 300 840 48 810 800 160 952 190 200
650 5 150 510 - 490 536 490 1000 510 464
650 5 175 720 - 777 554 280 1000 223 446
650 5 200 900 - 845 1000 100 100.0 155 -
650 5 250 933 - 890 1000 6.7 1000 110 -
650 5 300 998 - 988 1000 0.2 1000 12 -
650 5 325 1000 - 994 1000 - 1000 06 -
650 5 30O 977 - 991 1000 23 1000 09 -

The organic reactive chemicals used in the extraction process were
prepared and used as follows; the organic phase by volume consisted of 10
% Alamine 336, 80 % Kerosene and 10 % n-Nonanole.

The extraction carried out under the following conditions:

Organic phase : 20 mL
Water containing phase : 30 mL
Temperature of extraction : 25°C
Duration of extraction : 5min
Mixing speed : 1500 rpm

Theresult of the experiment showed that, with alamine 336, molybde-
num was largely moved to the organic phase, while cations such as copper,
zinc and iron did not. The result of the experimentsis seen in Table-5.

The following result was obtained under pH 1.15 with the Alamine
336 extraction carried out in the aqueous solution. As shown in Table-5,
Cu, Zn and Fe do not move to organic phase but molybdenum moves with
a high rate. In the process, molybdenum in the aqueous phase is in the
form of molybdate (in anionic form).
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TABLE-5
VALUES OBTAINED FROM ALAMINE 336
EXTRACTION EXPERIMENTS

Onelevel Extraction  Two level Extraction ~ Tota of material

% — : — : passed into organic

£ Remaining Passed into Remaining Passed into phase (from the one

@ inagueous organic inagueous organic and two level
phase (%) phase (%) phase(%) phase(%)  extractions) (%)

Mo 50 95.0 26.0 74.0 98.6

Cu 100.0 - 100.0 - -

Zn 100.0 - 100.0 - -

When the elusion is carried out in a H,S solution, the organic phase
appears to have a blue colour. When the reason for the colouration was
investigated, it was found that the organic phase, in addition to molybde-
num, contained Nb, Taand V. Keeping this in mind, standard solutions of
molybdenum, tantalum, niobium and vanadium were prepared by using
pure substances. Experiments carried out with these standard solutions
showed that, when the ions individually or in a mixture of two in an
organic phase were subjected to elution with H,S solution, no blue
colouration was devel oped. However, if the extraction was carried out where
Mo, V and Taare present and H,S passed through the solution, the organic
phase became bluein colour. Even after afew days, theseions did not pass
into agueous phase. After the analysis of the concentrate obtained from the
selective flotation gave the values of Ta, Nb andV as 0.16, 2.43 and 1.49
%, respectively.

The concentrates were obtained from the selective flotation process
then roasted under previously determined optimum conditions; 100 g sample
of that was treated in an autoclave with 32.5 mL of 15 M H,SO, at 225°C
and with water. The dissolved amount of Mo, V, Taand Nb as a result of
the process was determined and the values obtained are presented in

Table-6.
TABLE-6

VALUES OF THE IONS DISSOLVED FROM 100 g ROASTED
CONCENTRATE TREATED IN AN AUTOCLAVE WITH H,SO,

Remained in the solid

] — ~

S  2S E  Passedintosolution (%

8 _ E s E 0) s

50 FS R o phase (%)

- gB T =

e 3 © Mo V Ta Nb Mo V Ta Nb
650 5 325 100 90 977 9%2 - 40 23 38
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When the solution topped up to a volume of 500 mL, the pH reading
was 1.15 and the solution contained 19.46 g/L. molybdenum, 1.43 g/500
mL vanadium, 0.155 g/500 mL tantalum and 2.33 g/500 mL niobium. This
solution was subjected to the extraction process carried out under previ-
ously determined conditions and the results are given in Table-7.

TABLE-7
VALUES OBTAINED FROM THE EXTRACTION
CARRIED OUT WITH ALAMINE 336

Totd of material

Onelevel extraction  Two level extraction

% — : — — passed into organic
§ Rema ning Passed |_nto Remau ning Passed |_nto phase (from the one
@ inagueous organic inagueous organic and two leve
phase (%) phase (%) phase(%) phase(%)  extractions) (%)

Mo 45 945 26.0 74.0 98.6

\ 24.0 76.0 17.7 82.3 96.0

Ta 20.4 79.6 16.0 84.0 96.0

Nb 19.0 81.0 25.0 75.0 95.0

A blue colouration is developed after elution of the organic phase with
H.S solution where tantalum and molybdenum are present may indicate
that partially reduced vanadium or molybdenum, or both of them forms
complexes with tantalum distinctively. These complexes do not transform
to sulfide compounds when treated with H,S. Thiswas thought to show the
stable nature of the complexes. Following that, for elution, dropsof (NH4).S
solution were added to the organic phase until the development of brown
coloured precipitation ends. Then, the organic phase was separated from
the agueous phase; 15 mL (NH,),S added to the organic phase and mixed
for 45 min until the separation of the phasesis complete. For the third and
last time 15 mL (NH.).S solution was added to the organic phase and the
process was repeated. The amount of Mo, V, Ta and Nb in the separated
aqueous phase was determined. The results are shown in Table-8.

TABLE-8
VALUES OF Mo, V, TaAND Nb OBTAINED FROM THE ANALYSIS
OF AQUEOUS PHASE
Passed into Passed into Passed into Total
Elements 20U€0Us solution  aqueous solution  agqueous solution dution
athefirs dution atthesecond atthethird dution (%)
(%) eution (%) (%)
Mo 26.9 49.1 24.4 98.5
\% 39.0 448 13.7 975
Ta 24.7 63.4 8.6 96.8
Nb 28.9 57.5 9.3 95.8
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Because this process was tried for the first time here, following the
elusion with (NH,).S, the remaining organic phase was used again in the
extraction process to investigate changes in recovery rates.

After the elution of the organic phase with (NH,).S, the phase was
once more washed with 0.1 M H,SO, and used in the extraction. The
process was repeated four times. After the first elution process, it was
determined that 98.1 % of molybdenum was concentrated in the organic
phase. Using the same process in the second extraction of the molybde-
num the rate was seen to be 97.5 %, in the third extraction thiswas 97.2 %
and in the fourth time the rate of molybdenum in the organic phase was
determined to be 97.1 %. The changes at the level of recovery rate appear
to be negligible and it seems possible that, after each elution process, the
organic phase can be washed with 0.1 M H,SO, solution and following
elution of (Mo, Ta, Nb and V) ions, the organic phase can be used again in
the extraction process.

To determine how effective the elution process is, at the first step,
(NH,)2CO; solution and in the second step, (NH,4).S solution was used.
The resulting concentrations are shown in Table-9.

TABLE-9
RESULT OF THE ELUSION EXPERIMENTS CARRIED OUT
USING (NH,),CO; AND (NH,),S

Result of elusion with Result of elusion
Elements (NH,),CO; (%) with (NH,),S (%) Total (%)
Precipitate  Solution Solution
Mo 494 28.0 19.4 96.8
\% 67.7 13.3 17.0 98.0
Ta 485 33.6 12.6 94.7
Nb 73.6 21.8 2.0 97.4

Table-9 indicates that after the elution with (NH4).COs (25 g/L)
solution, while part of Mo, V, Taand Nb precipitatesthe other part remains
in the solution. This process continued until the precipitate disappeared.
To achieve that, 50 mL of (NH,).CO; solution was used. In the second
elution process carried out by using (NH,).S, it was observed that some
part of the ions in the organic phase moved to (NH,).S solution.

Following the extraction of molybdenum, tantalum, niobium and
vanadium from the solution, the remaining copper and zinc containing
solution, after autoclave process was used to remove molybdenum from
the solid phase into solution. As a result of this process, copper and zinc
concentration increased to a high level in the agueous solution. This high
concentration of copper enabled the element to el ectrolytically be removed.
Asaresult of the electrolyses, zinc remained in the solution. The electroly-
ses were conducted at 45-50°C with 2.80 V current, using Pt electrodes.
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Conclusion

In present study, the sample used was fluorite ore contai ning molybde-
num involving some Ta, Nb and V. Although the primary target of the study
is the extraction of molybdenum, following the identification of the exist-
ence of the elements Ta, Nb and V the behaviour of these elements were
also investigated. For thisfirstly, the molybdenum was dissolved from the
concentrate into a solution phase followed by the removal of molybdenum
from the solution phase by using suitable methods. To get molybdenum
into the solution it was found that it is hecessary to bake the concentrate
for 5 h at temperature of 650°C. The cooled sample was later treated with
H,SO. in and autoclave at 225°C for 1 h. For a 100 g sampleif 32.50 mL
0.15 M H,SO., was used and found that all of the Mo and 96.0 % of V, 97.7
% of Taand 96.2 % of Nb passed into the liquid phase. Since the pH of the
solution obtained in this way was 1.15, the solution at this pH was used in
the extraction with alamine 336. The molybdenum was removed by
moving it to the organic phase. In the process, tantalum, niobium and
vanadium were also passed to organic phase with molybdenum. When
tantalum and vanadium were present with molybdenum, it was found that
it was better to use (NH,).CO; and then (NH,),S solutions in the elution
process.
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