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Abstract Intensifying effects of ferrous sulfate and pyrite
on bioleaching of low-grade molybdenite concentrate were
studied in this paper. The experimental results show that the
oxidation dissolution of molybdenite can be accelerated
with the addition of either ferrous sulfate or pyrite in bi-
oleaching medium. Pyrite has better enhancing effect than
ferrous sulfate, and the highest molybdenum leaching rate
in pyrite-added solutions is 20.85 %, increasing by 12.64 %
compared with that in 9 K leaching system. Molybdenum
leaching rate does not increase linearly with the increase of
the addition of either ferrous sulfate or pyrite in each type
solution. Great amounts of [NH4Fe3(SO,4),(OH)g] and
[KFe3(SO4)2(OH)e] with different morphologies will be
deposited on molybdenite ores when the additions of Fe
from ferrous sulfate or pyrite exceed that from 9 K leaching
system by 0.5 times, and these deposits hinder the oxidation
dissolution of molybdenite to some extent.

Keywords Low-grade molybdenite concentrate;
Bio-oxidation; Intensified bioleaching; Ferrous sulfate;
Pyrite

1 Introduction

Most types of molybdenite ores in nature inter-grow with
porphyry copper ores or skarn type copper ores. As a result,
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molybdenite concentrates are usually obtained as by-pro-
ducts of separating flotation [1]. The process of roasting-
ammonia leaching-purification is still the main technology
in the industry of molybdenum extraction [2, 3]. However,
the weaknesses of this traditional process gradually present
due to the increasingly stringent requirements for the
environmental protection and the characteristics of the
available molybdenum resources becoming “poor,”
“fine,” and “complicated” [4]. Hydrometallurgy processes
have drawn increasing attention in recent years due to its
excellent advantages of treating low-grade molybdenite
ores. The hydrometallurgy processes for molybdenum
extraction are mainly composed of oxidant leaching [5-7],
oxygen pressure leaching [8], electric-oxidation extraction
[9-12], and bioleaching [13—15]. Oxygen pressure leaching
process usually performs under high-temperature high-
pressure condition, and thus it proposes strict requirement
for the reaction vessel. Meanwhile, its production process
has hidden trouble in safety since the reaction processes are
difficult to control. Compared with the reaction conditions
of the oxygen pressure leaching process, those of oxidant
leaching are relatively mild and the reaction processes are
easy to control. Therefore, this technology has low cost in
equipments. Nevertheless, the problem of high consump-
tion of oxidant should not be neglected. The electro-oxi-
dation process has the advantages of small equipment
volume, convenient operation, and no requirement for
oxidant. However, this technology also has the problem of
high energy consumption and the evolution of harmful
chlorine gas [16]. Bioleaching has the competitive advan-
tages of mild operating condition, simple operation, and
environmental cleaning. This technology is successfully
applied in recovering Cu, Co, Ni, and U from low-grade
ores or tailings, and it has a wild application prospect in
recovering Ag, Cr, Ga, Mo, Pb, Pd, Pt, Rh, Ru, Sb, Zn, etc.,
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from low-grade ores [17, 18]. It is considered that the
recovery of Mo from molybdenite by bioleaching process
is difficult because molybdenite has high chemical stability
[19]. In recent years, plenty of researches in the field of
bioleaching have been carried out to recovery molybdenum
from molybdenum catalysts, low-grade molybdenite ores,
and nickel-molybdenum sulfide ores [15, 20-22]. Never-
theless, bioleaching process is rarely used to treat low-
grade molybdenite concentrate since molybdenum is a
toxic metal ion to bacteria. It was reported that the oxi-
dation of ferrous ion would be partly inhibited when the
concentration of molybdenum ion reached 1 mm01~L71,
and absolutely inhibited when it reached 2 mmol-L™".
Gregory and Thomas [14] studied the effects of pulp
potential, particle size, and temperature on the bioleaching
of molybdenite concentrate. The experimental results
indicated that the oxidation dissolution of molybdenite
occurred with the potentials exceeding 505-555 mV
vs.SCE (saturation calomel electrode) and molybdenum
leaching rate increased with the decrease of particle size.
Additionally, mesophilic bacteria were used to leach
molybdenum from ultrafine molybdenite concentrates
(10-13 pm) with grade of 7 %, and molybdenum leaching
rate finally reached 85 % after 180 days. Abdollahi et al.
[1] obtained the optimum conditions for the bioleaching of
molybdenum, copper, and rhenium from high purity
molybdenite concentrates with grade of 53.84 %. The
experimental result showed that the optimum conditions of
pH, solid concentration, and inoculation amount were 1.46,
1.88 %, and 18.41 %, respectively. Molybdenum leaching
rate was 2.18 % after 20 days conducted under optimum
conditions.

The way to strengthen molybdenum bioleaching effi-
ciency includes domesticating molybdenum-tolerant bac-
teria, optimizing the bioleaching conditions and selecting
suitable energy sources for bacteria. Pyrite and ferrous
sulfate are commonly used as energy sources for bacteria.
It was reported in many literatures that ferrous ions from
pyrite and ferrous sulfate could be oxidized to ferric ions
by bacteria in bioleaching medium. Then the molybdenite
ores could be further oxidized by these ferric ions. Hence,
pyrite and ferrous sulfate are used for intensifying the bi-
oleaching of molybdenite ores. Askari et al. [13] found that
the bacteria of Acidithiobacillus ferrooxidans were not
poisoned by molybdenum ions and could grow well in
solution containing 250 mol-L~" molybdenum ions when
pyrite was selected as bacterial energy source. Gregory and
Thomas [14] reported that the bioleaching of molybdenite
could be promoted by ferric ions. In this paper, ferrous
sulfate and pyrites were selected as bacterial energy sour-
ces and a comparison study was conducted to investigate
their intensifying effects on bioleaching of low-grade
molybdenite concentrate.
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2 Experimental
2.1 Ore sample

The ore sample used for this investigation was a certain low-
grade molybdenite concentrate. The main metal mineral in
this ore sample was molybdenite with a small amount of
chalcopyrite. The chemical compositions of this molybde-
nite concentrate are shown in Table 1. The contents of Mo,
Fe, and Cu are 25.4 wt%, 1.26 wt%, and 1.33 wt%, respec-
tively; the elements of Mg, Ca, and Na also exist in ore
sample. Granularity distribution of ore sample was deter-
mined using Malvern laser particle size analyzer and the
analysis results are listed in Table 2. The particle size of ore
sample is small and the ores with size of lower than 42 pm
account for 85.38 %.

2.2 Leaching bacteria

The mixed thermophilic leaching bacteria were provided
by Biometallurgy Lab of Northeastern University, China. It
has excellent characteristics of molybdenum tolerance and
acidophilic after long-term domestication. Additionally,
the bacteria grow well in the solution containing ferrous
ions and sulfur.

2.3 Microorganism culture

The culture medium for bacteria was 9 K medium. Its com-
position is as follows: 3.00 g-L*1 (NH4),SOy4, 0.10 g-L*l
KCI, 0.50gL™" K,HPO,, 0.50gL~' MgSO,7H,0,
0.01 gL~ Ca(NO;),, 4430 g¢L™'L FeSO,7H,0. All
chemical reagents used in this study were analytical grade.

2.4 Experimental procedure

The bioleaching experiments were divided into two groups.
The strengthening effect of ferrous sulfate on the bioleaching
of low-grade molybdenite concentrate was investigated in
Group I. 100 ml iron-free 9 K culture medium and different
amounts of ferrous sulfate heptahydrate (Table 3) were firstly

Table 1 Chemical compositions of low-grade molybdenite concen-
trate (wt%)

Mo Fe Cu S Na Ca Al K Mg

2540 126 133 1050 450 1.67 098 022 6.60

Table 2 Granularity distributions of molybdenite concentrate

Particle size/pm <42 42-74 >74

wiwt% 85.38 11.50 3.12
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added into Erlenmeyer flasks (Solutions 1-6), respectively.
Then 2 g low-grade molybdenite concentrate was added into
each solution, and pH value of solutions was adjusted to 1.5
using sulfuric acid. Subsequently, 100 ml bacteria liquid with
50 % inoculation amount were added after the stationary
growth stage of bacteria was reached. Finally, the Erlenmeyer
flasks were put into the constant-temperature incubator under
conditions of 44 °C shaking at 190 r-min~". The effect of
pyrite on the bioleaching of low-grade molybdenite concen-
trate was investigated in Group II. Different amounts of pyrite
and ferrous sulfate heptahydrate (Table 3) were added into
Erlenmeyer flasks (Solutions 7-11), respectively. The rest
procedures were the same as those in Group L. In two group
experiments, Fe contents in Solutions 1-11 Erlenmeyer flasks
were calculated and the results are also shown in Table 3.

Solution pH, pulp potentials, and the concentrations of
Fe”* and Mo®" were measured at different time intervals.
All the potentials mentioned in this paper were referred to
saturation mercury electrode (SCE).

2.5 Measurement

Pulp pH and pulp potentials were measured using the Leici
PHS-2F pH meter. The concentrations of Fe’™ were

Table 3 Fe contents in various Erlenmeyer flasks (g)

determined by the potassium dichromate titritimetric
method [23]. The concentrations of Mo®" were analyzed
by thiocyanate spectrophotometry with TU-1901 UV
ultraviolet photometer. The morphologies and composi-
tions of bioleaching residues were investigated by Shima-
dzu SSX-550 scanning electron microscope (SEM) equiped
with energy dispersive spectrometer (EDS).

3 Results and discussion

3.1 Variations of concentrations of Fe*" and pulp
potentials

The variations of Fe*™ concentrations ([Fe**]) and pulp
potentials in ferrous sulfate-added solutions (Solutions 1-6)
during bioleaching are shown in Fig. 1. As shownin Table 3,
ferrous sulfate acts as the only bacterial energy source in
Group I. The Fe contents in Solutions 1-6 are 0.75, 1.00, 1.25,
1.50, 2.00, and 2.50 times that in 9 K leaching system,
respectively. It can be observed in Fig. 1 that the initial
Fe**concentrations in various solutions increase with the
increase of the addition of ferrous sulfate, whereas the initial
potentials vary in opposite direction. Owing to that there is

Group I (Solutions 1-6)

Group II (Solutions 7-11)

Erlenmeyer flasks 1 2 3 4 5 6 7 8 9 10 11
FeSO,4-7H,0 2.21 4.43 6.65 8.86 13.29 17.72 0 4.43 4.43 4.43 443
FeS, 0 0 0 0 0 0 1.91 0.96 1.91 3.83 5.74
Fe from FeSO,4-7H,0 0.45 0.89 1.34 1.79 2.68 3.57 0 0.89 0.89 0.89 0.89
Fe from FeS, 0 0 0 0 0 0 0.89 0.45 0.89 1.79 2.68
Fe from 100 ml bacterial liquid 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Total Fe 1.34 1.78 2.23 2.68 3.57 4.46 1.78 2.23 2.67 3.57 4.46
Total Fe from 9 K leaching system 0.75 1.00 1.25 1.50 2.00 2.50 1.00 1.25 1.50 2.00 2.50
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Fig. 1 Variations of [Fe*™] a and pulp potentials b with bioleaching time in ferrous sulfate-added solutions
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Fig. 2 Variations of [Fe*™] a and pulp potentials b with bioleaching time in pyrite-added solutions

relatively low addition of ferrous sulfate in Solutions 1 and 2,
the Fe®™ are rapidly oxidized to Fe* in the 1st day, and the
potentials of these two solutions quickly increase to 630 and
650 mV, respectively. After 2 days, the Fe* concentrations
of Solutions 3-5 sharply decline from 4.96, 6.58 and
10.23 gL' to 1.22,2.31 and 2.17 g-L ™", respectively, and
the potentials quickly increase to 650 mV. The rising rate of
potential in Solution 6 is relatively slow since the initial
Fe**concentration is high. Then, with the oxidation of Fe** to
Fe*™ by bacteria, the Fe>™ concentration rapidly decreases
within the initial 3 days, and the potential sharply increases to
660 mV. The Fe*"concentrations in Solutions 1-6 gradually
decrease with the process of bioleaching. The potentials of
Solution 1, 2, 3—6 maintain at about 600-610, 630-640, and
640-660 mV in the residual time, respectively.

Figure 2 shows the variations of Fe*™ concentrations
([Fe**]) and potentials in pyrite-added solutions (Solutions
7—-11) during bioleaching. As shown in Table 3, besides
ferrous sulfate, different amounts of pyrite are added into
the leaching solutions of Group II. The Fe contents in
Solutions 7-11 are 1.00, 1.25, 1.50, 2.00 and 2.50 times
that in 9 K leaching system, respectively. It is obvious that
the changing trends of Fe** concentrations and potentials
in pyrite-added solutions are different from those in ferrous
sulfate-added solutions. In Solutions 7-9, Fe>" concentra-
tions rapidly increase in the 1st day with the dissolution of
Fe from pyrite, and the potentials of these solutions grad-
ually decrease due to the decrease of [Fe3+]/[Fe2+] ratio.
Subsequently, with the oxidation of Fe** to Fe’", Fe’"
concentrations decrease and pulp potentials gradually
increase. Potentials of Solutions 7-9 reach 700 mV after
11, 9 and 14 days, respectively, when Fe2™ in solutions are
almost oxidized to Fe*", and then slightly decrease and
remain at 650, 630-650 and 680 mV, respectively in the
residual time. In Solutions 10 and 11, Fe* concentrations
increase rapidly within the initial 3 days due to that the
additions of pyrite are relatively high. The pulp potentials
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decrease in the 1st day, and slightly increase in the next
2 days with the increase of [Fe”]/[Fe”] ratio. Subse-
quently, the concentrations of Fe?™ rapidly decrease and
the potentials of these two solutions gradually increase
during the leaching process. The potentials of Solutions 10
and 11 increase to 700 mV after 20 and 22 days, respec-
tively, and then remain at 670-680 mV in the residual
time.

3.2 Variations of molybdenum leaching rates

3.2.1 Variations of molybdenum leaching rate in ferrous
sulfate-added solutions

The variations of Mo leaching rates in solutions with dif-
ferent additions of ferrous sulfate are shown in Fig. 3. The
results exhibit that there is the highest Mo leaching rate in
Solution 4. Mo leaching rate in this solution increases
rapidly in the initial bioleaching stage and reaches 7.68 %
after 16 days. It slowly increases in the subsequent days
and reaches 11.26 % after 34 days. Mo bioleaching rate
remains constant in the residual time and finally reaches
11.57 %. Mo leaching rate in Solution 3 is a little lower
than that in Solution 4 and finally reaches 10.87 %.The
variations of Mo leaching rates in Solutions 1 and 2 have
similar increasing trends, and Mo leaching rates finally
reach 6.94 % and 8.21 %, respectively. Though there are
relatively high additions of ferrous sulfate in Solutions 5
and 6, Mo leaching rates in these two solutions are lower
than that in Solution 4 and finally reach just 9.80 % and
9.08 %, respectively.

It was reported that the oxidation dissolution of Mo from
molybdenite concentrates occurred in bioleaching medium
with potential exceeding 505-555 mV [14]. The additions
of ferrous sulfate in Solutions 1 and 2 are relatively low, in
which Fe contents are 0.75 and 1.00 times that in 9 K
leaching system, respectively. As a result, the potentials of

Rare Met. (2015) 34(3):207-214



Intensified bioleaching of low-grade molybdenite

14
Solutions
12F —=—1
——2
10 F —a—3
—e—4
s 3

——6

Leaching rate / %
(o)}
T

~
T

[\
T

0F 1 1 1 1 L I I I 1 1
0 5 10 15 20 25 30 35 40 45 50
Time / day

Fig. 3 Variations of Mo leaching rates with bioleaching time in
ferrous sulfate-added solutions

these two solutions are relatively low and correspondingly
Mo bioleaching rates are just 6.94 % and 8.21 % after
leaching, respectively. The potentials of Solutions 3 and 4
maintain at relatively high level since there are sufficient
Fe** in solutions. Therefore, Mo leaching rates in these
solutions increase relatively and finally reach 10.87 % and
11.57 %, respectively. In Solutions 5 and 6, Fe contents
are 2.0 and 2.5 times that in standard 9 K leaching sys-
tem, respectively. The potentials of these two solutions
maintain at high potentials of 650-660 mV after 2-3 days
leaching due to that there are high additions of ferrous
sulfate. However, Mo leaching rates in these solutions are
much lower than those in Solutions 3 and 4. The results
suggest that Mo bioleaching rate does not increase line-
arly with the increase of the additions of ferrous sulfate.
Nevertheless, this conclusion is not in accordance with
the point that high potentials are beneficial for increasing
the Mo bioleaching rates from molybdenite concentrate.
In order to further understand the reason for this, SEM
was used to observe the morphologies of bioleaching
residues.

SEM images of residues from Solutions 4-6 after
49 days bioleaching are shown in Fig. 4. It can be seen in
Fig. 4a that few deposits can be observed on the surface of
molybdenite ores from Solution 4. As shown in Fig. 4b,
many superficial deposits are evident on the surface of
molybdenite in Solution 5. Figure 4c is the high magnifi-
cation image of Spot 1 in Fig. 4b. It can be seen in Fig. 4c
that the molybdenite ores are covered with bulk superficial
deposits. Chemical composition of these deposits (Spot 2 in
Fig. 4c) was analyzed by EDS. The analysis results (Fig. 5)
show that the surface deposits are composed of Fe, S, O
and K elements, which suggests that the superficial
deposits are jarosite with chemical formula of [MFe;
(SO4)2(OH)e]. The forming process of jarosite is according
to the following chemical equations:

Rare Met. (2015) 34(3):207-214

Fig. 4 SEM images of leaching residues after 49 days: backscattered
electron image of ores from a Solution 4 and b Solution 5, ¢ high
magnification secondary electron image of Spot 1 in b, and
d secondary electron image of ores from Solution 6

Intensity / cps

o 1 2 3 4 5 6 7 8 9 10
Energy / keV

Fig. 5 EDS spectrum for deposits on surface of leaching residues
from Solution 5

AFe®" + 0, + 4H 2N 4pedt 4 01,0 (1)
2Fe*" + MoS,——— Mo®* + 2872 4 2Fe?* (2)

3F€2(SO4) + MzSO4 + 12H20
< M2F66(804)(OH)12 + 6H,SO,4

M in these equations represents the elements of K,
Nat, NH,", AgJr or H;0" [24, 25]. The chemical formula
of jarosite formed on molybdenite ores may be
[NH4Fe5(SO4),(OH)e] and [KFe;(SO,4),(OH)g] since there
are bulk amounts of NH, 1 and K™ in culture medium. This
kind of jarosite deposit restrains the diffusion of reactants
and oxidation products through the precipitation zone, and
it limits the oxidation dissolution rate of molybdenite with
the effect of Fe>* and bacteria. Therefore, Mo leaching rate
in Solution 5 is lower than that in Solution 4. Likewise,
superfluous Fe** in Solution 6 leads to the formation of

@ Springer
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thick jarosite deposits on molybdenite particles as shown in
Fig. 4d, which reduces Mo bioleaching rate in this solution.

3.2.2 Variations of molybdenum leaching rates in
pyrite-added solutions

The variations of Mo leaching rates in solutions with dif-
ferent additions of pyrite are exhibited in Fig. 6. It can be
observed that the processes of leaching in Solutions 7-11 can
be divided into three stages, namely the initial stage, the
middle stage and the later stage. In Solution 7, ferrous sulfate
is not added and pyrite acts as the only bacterial energy
source. Fe content in Solution 7 is equal to that in 9 K
leaching system. Owing to that the activity of the bacteria
and the potential are relatively low, Mo leaching rate
increases slowly in the initial stage (1-9 days). As the time
rises to the middle stage (10-30 days), the activity of the
bacteria is enhanced after it get used to environment.
Meanwhile, pulp potentials are relatively high. Mo leaching
rate increases sharply in this stage and reaches approxi-
mately 8.75 % after 30 days. In the later stage (31-49 days),
Mo leaching rate slightly increases due to the decline of the
bacteria activity, and it finally reaches 9.64 %. With the
addition of ferrous sulfate, the leaching initial stage of
Solution 8 is shortened by 2 days compared with that of
Solution 7. Mo leaching rate begins to significantly increase
as time increases to middle stage (8—34 days) and reaches
18.06 % after 34 days. Then it slowly increases in the later
stage (3549 days) and finally reaches 19.63 %, much
higher than that in Solution 7. The variation of Mo leaching
rate in Solution 9 has similar trend as that in Solution 8.
Owing to that there are higher additions of pyrite, the initial
leaching stage of Solution 9 is prolonged by 2 days com-
pared with that of Solution 8. Mo leaching rate begins to
remarkably increase after 10 days leaching and finally
reaches 20.85 % after 49 days, which is slightly higher than

25

Solutions

Leaching rate / %

0 5

10 15

20 25 30 35 40 45 50
Time / day

Fig. 6 Variations of Mo leaching rates with bioleaching time in
pyrite-added solutions
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thatin Solution 8. In Solutions 10 and 11, the initial stages are
remarkably prolonged and correspondingly the middle
stages are shortened. Mo leaching rates begin to significantly
increase after 12 and 17 days, respectively, and reach
12.96 % and 13.11 % after 34 days. Then they slightly
increase in later stage (3549 days) and finally reach
14.63 % and 13.59 %, respectively, which are lower than
that in Solution 9.

It is revealed from the analysis of Fig. 6 that the addi-
tions of pyrite in bioleaching solutions could obviously
increase Mo leaching rate. Mo leaching rate in 9 K
leaching system (Solution 2) is just 8.21 %. With different
amounts of pyrite adding into 9 K leaching system, Mo
leaching rates increase to 19.63 % (Solution 8), 20.85 %
(Solution 9), 14.63 % (Solution 10) and 13.59 % (Solution
11), respectively. It could be concluded that Mo leaching
rate does not increase linearly with the increase of the
addition of pyrite and begins to decrease when the addition
of Fe from pyrite exceeds that from 9 K leaching system by
0.5 times.

SEM images of ores from Solutions 10 and 11 after
49 days bioleaching are shown in Fig. 7. It could be seen in
Fig. 7 that the molybdenite ores are covered with bulk
jarosite deposits. Compared with the jarosite deposits on
molybdenite from ferrous sulfate-added solutions, those
from pyrite-added solutions show different morphologies.
It could be concluded that when excessive pyrites are
added in bioleaching solution, many bacteria will be in the
state of oxidizing these bacterial energy sources, which
reduces the bacterial oxidation efficiency. Additionally, the
jarosite deposits restrain the oxidation dissolution of
molybdenite during bioleaching.

3.2.3 Comparison of enhancing effects of ferrous
sulfate and pyrite on molybdenum bioleaching

Mo leaching rates in pyrite-added solutions (Solutions
7-11) are higher than those in correspondent ferrous sul-
fate-added solutions (Solutions 2-6) with equal Fe con-
tents. Mo leaching rates in Solutions 5-11 are relatively
low due to the formation of bulk jarosite deposits on
molybdenite ores. For all that, Mo leaching rates in pyrite-

Fig. 7 SEM images of leaching residues after experiment: a Solution
10 and b Solution 11

Rare Met. (2015) 34(3):207-214
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Fig. 8 Galvanic cell model of molybdenite/pyrite in bio-oxidation
solution containing Acidithiobacillus ferrooxidans (a.f)

added Solutions 10 and 11 are still higher than those in
ferrous sulfate-added Solutions 5 and 6. It could be con-
cluded that the additions of pyrite have superior effect on
increasing Mo leaching rates. There are two reasons for
this. The first reason is related to the potentials of each
type solutions. It is revealed from the results that the
additions of either ferrous sulfate or pyrite in bioleaching
solutions could increase pulp potentials to some extent.
Potentials increase rapidly in the initial stage of biole-
aching in ferrous sulfate-added solutions, but basically
maintain at about 630 mV in the middle stage of biole-
aching. As for the pyrite-added solutions, though the rising
rates of potentials are relatively slow in the initial stage of
bioleaching, potentials increase to 700 mV after certain
days and maintain at about 680 mV in the residual time.
Therefore, the additions of pyrite have superior effect on
increasing pulp potentials during bioleaching. Secondly,
rest potential of pyrite is higher than that of molybdenite
in bioleaching solution, and the oxidation dissolution of
molybdenite could be accelerated by the galvanic effect
(Fig. 8).

4 Conclusion

The pulp potentials could increase to some extent with the
additions of ferrous sulfate or pyrite in bioleaching solu-
tions. As a result, both the energy sources have enhancing
effect on increasing Mo bioleaching rate. The addition of
pyrite has better effect that that of ferrous sulfate on
increasing potential, and correspondingly the enhancing
effect of pyrite is superior to those of other energy sources.
The highest Mo leaching rates in ferrous sulfate- and
pyrite-added solutions are 11.57 % and 20.85 % after
49 days, respectively, increasing by 3.36 % and 12.64 %
compared with that in 9 K leaching system. Mo leaching
rate does not increase linearly with the increase of the
additions of ferrous sulfate and pyrite in each type solution.

Rare Met. (2015) 34(3):207-214

The formation of jarosite deposits on molybdenite particles
restrains the oxidation process of molybdenite when the
adding amounts of Fe from ferrous sulfate or pyrite exceed
that from 9 K leaching system by 0.5 times.
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