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Abstract: A novel method, bath smelting process, was developed to treat molybdenite concentrate aiming at the existing problems of
traditional process. To understand the dissolving behavior of MoS, in white matte, the binary phase diagram of Cu,S—Mo,S was
measured by the cooling curve method. The result shows that this system is a simple binary eutectic with a eutectic temperature of
(1117.0+3.0) °C and a eutectic composition of (1.70+0.20)% MoS, in mass fraction. When the MoS, addition exceeds 4.48%, MoS,
and Cu,S can form the ternary compound containing CuMo,S; or Cu,Mo¢Sg. In the temperature range of copper smelting,
1200—1300 °C, molybdenite can dissolve in the cuprous sulfide. At 1200 °C, the solubility of molybdenite can reach 14.8%.
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1 Introduction

Molybdenum is an important rare refractory metal
and a strategic storage metal. It is applied widely in steel,
glass, electronic, chemical, mechanical processing,
aerospace and national defense, etc [1]. The
metallurgical process of Mo mainly includes the process
of transiting Mo from tetravalent MoS, to hexavalent
MoO; by the oxidation. Currently, the mainstream
technology for treating molybdenite includes oxidizing
roasting, ammonia leaching, ion-exchange, evaporative
crystallization at home and abroad. The obtained
ammonium tetrathiomolybdate can be further treated for
preparing molybdenum product.

In the traditional oxidizing roasting process,
multiple hearth furnace, rotary kiln, fluidized bed roaster
and reverberatory furnace are often adopted [2,3].
However, the production efficiency of multiple hearth
furnace and fluidized bed roaster is lower. Especially, the
producitity of multiple hearth furnace is only 0.08—0.12
t/(m*-d). Temperature control is also a hard task. Once it
exceeds 600 °C, the loss caused by molybdenum
sublimation will increase drastically. Meanwhile, the
MoO; produced easily melts with the molybdate, which
affects the further desulfurization of ores. In addition, the

SO, flue gas from these roasting processes, 3% from
fluidized bed roaster, 0.8%—3% from multiple hearth
furnace and 0.8%—2% or even lower from rotary kiln, is
hard to be treated and will cause serious air pollution
since it is unsuitable for preparation of high quality
sulfuric acid [4,5].

In view of the above problems, a novel method,
bath smelting process, was developed to treat
molybdenite by our research group. The first step was
dissolving molybdenum in the molten white matte to
form molybdenum—copper matte. Then, air was blasted
into the molybdenum—copper matte, molybdenum was
preferentially oxidized into MoO; and entered into flue
gas. Meanwhile, MoO; was recycled by the dust
collection after condensation. Like the bath smelting
process, this method can treat the molybdenite
continuously and has a higher production efficiency.
Through converting the molybdenum—copper matte,
high-concentration SO, flue gas and relatively high
purity MoO; can be produced. In addition, the produced
copper matte can be recycled.

The key of this process is that whether or not MoS,
can dissolve in Cu,S and how the dissolving behavior of
MoS, at different temperature is.

In the research process of superconducting materials
CuMoSy, GROVER and MOH [6,7] found that liquid
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phase appeared once the melted blend containing Cu, Mo
and S was heated to 1080 °C. Unfortunately, the defined
composition was not reported. In  addition,
GULYANITSKAYA et al [8] adopted DTA to research
the Cu,,S—MoS, melt, and it was found that the eutectic
temperature of melt was unexpectedly only 992 °C.
Though the reported temperature had a difference of
about 100 °C, it at last revealed that MoS, can dissolve
in Cu,S.

In order to accurately understand the Cu—Mo—S
system and the dissolving behavior of MoS, in white
matte, it is necessary to study the binary phase diagram
of Cu,S—MoS, system. In this research, the cooling
curve method was adopted to measure and research the
binary phase diagram of Cu,S—MoS, system.

2 Experimental

2.1 Preparation of binary Cu,S—MoS, system

The MoS, with analytical grade and the prepared
Cu,S were used. The preparation method of Cu,S was as
follows. First, copper powder (99.7%, 74 pm, analytical
grade) and sulfur powder (W(S)>99.5%, chemical grade)
were added into a quartz tube on mole ratio of 2:1. Then,
the quartz tube was vacuumized up to 10> Pa and sealed.
The sealed quartz tube was well mixed by shaking and
placed into the furnace for melting. The temperature-
raising system was as follows: 1) Rising from room
temperature to 200 °C within 1 h and preserving heat for
10 h; 2) Rising from 200 °C to 600 °C within 2 h and
preserving heat for 35 h; 3) Rising from 600 °C to 800
°C within 1 h, preserving heat for 23 h and finally
cooling with furnace. As the quartz tube was cooled to
room temperature, the black schistous substance was
obtained (in Fig. 1). The XRD pattern (Fig. 2) of black
substance shows that the phase composition is Cu;gsS
and Cu; ¢S, and the chemical composition includes
77.90% Cu and 22.10% S.

Fig. 1 Photo picture of prepared Cu,S in quartz tube

MoS, and the prepared Cu,S were mixed by
grinding in an agate mortar and then added into a
graphite crucible (d60 mmx100 mm). The graphite
crucible was placed in the vacuum induction furnace
which was first vacuumized to 5 Pa and then charged
into argon. The mixture was heated for 1 h. High vacuum
degree is helpful to reduce the oxygen partial pressure
and decrease the oxidation of sulfide. In addition,

graphite crucible can consume part of oxygen at high
temperature and further decrease the oxidation of sulfide.
After cooling, the obtained fusion sample was easily
taken out from the graphite crucible and then was ground
into powders for measuring the binary phase diagram of
Cu,S—MoS; system.
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Fig. 2 XRD pattern of prepared Cu,S

2.2 Measurement of binary phase diagram of

Cu,S—MoS; system

Fusion samples of 14 g with different MoS,
contents were sealed into vacuumized quartz tubes (d20
mmx100 mm). The sealed quartz tubes were placed in a
crucible resistor furnace (Yuandong Experimental
Furnace Plant of Changsha, SG2-10-13), and the
experimental schematic diagram is presented in Fig. 3.
The temperature-raising procedure is as follows:
1) Rising from room temperature to 600 °C at 10 °C/min;
2) Rising from 600 °C to 1200 °C at 5 °C/min and
preserving heat for 240 min; 3) Cooling to 1000 °C at
2 °C/min. During the cooling process, the temperature
variation along with time was measured, and the cooling
curve (T—t) was obtained.

2
a/_
& o

3
I 41 s
6
0
/ 'z m/
NN (NN
R X R \ %,7
A A A P LN
l (— 2 \
NN
[N ] J

Fig. 3 Experimental schematic diagram: 1—Computer; 2—
Digital multimeter; 3—Vacuum flask; 4—Ice water; 5—
Thermocouple; 6—Crucible resistor furnace; 7—Quartz tube;
8—Thermocouple; 9—Temperature controller of furnace
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3 Results and discussion

3.1 Cu,S—MoS; binary melt

The compositions of the initial composition of
Cu,S—MoS, binary melt are shown in Table 1. From
Table 1, MoS, contents of the fusion samples (5-9)
exceed 5%, below the initial addition of MoS,, but
the two values are very close, which indicates that the

Table 1 Initial composition of Cu,S—MoS, binary melt

No. W(MoS,)"% W
Cu Mo S Sw®” MoS,”
1 1.00 77.14 035 2435 19.67 0.58
2 2.00 70.87 0.61 2480 18.26 1.02
3 3.00 76.80 090 2543 19.95 1.50
4 4.00 76.89 1.49 21.31 2037 248
5 5.00 74.19  2.69 19.71 2049 4.48
6 6.00 72.62 342 1991 20.58 5.70
7 8.00 72.17 488 20.00 21.44 8.13
8 10.00 7136  5.64 1993 21.74 9.40
9 15.00 7135  7.74 19.68 23.14 12.90
a): Initial added content; b) wW(S)=w(Cu)/3.97+w(Mo)/1.50; c):

W(MoS,)=W(Mo)/0.6
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Fig. 4 Cooling curves of Cu,S—MoS, binary melt samples
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effect of oxidation on the melting is very small. However,
the difference between MoS, and initial addition of MoS,
is relatively large for the fusion samples (1—4) with
MoS, content below 5%. In addition, similar results can
also be obtained from the comparison between the S
content calculated from the Cu and Mo contents and the
assayed S content in the melting product. The results
show that vacuumizing and using graphite crucible can
restrain the oxidation of Mo and S during the melting
process.

3.2 Measurement of melting point for Cu,S—MoS,

binary melt

Figure 4 shows the cooling curve of Cu,S—MoS,
binary melt samples 6—9. Through the measurement of
cooling curve, after the melt was crushed, it was found
that the powders of Cu,S—MoS, binary melt samples 1—-6
completely melted, and the compositions of melts
accorded with those in Table 2. However, there was still
some unmelted powders in the melt samples 7-9 and the
of unmelted amount gradually increased in order.
Therefore, the compositions of melt samples 7-9 need to
assay again. The melting parts of 7-9 were assayed again,
and their compositions are shown in Table 2. From Table
2, the composition of melt sample 7 was almost the same
as former assay result. But to melt samples 8 and 9, the
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Table 2 Composition of melt samples 79 after assay

No.  WCuw/% wMo)%  W(S)%  W(MoS,)/%
7 71.97 4.82 23.68 8.00
8 70.30 5.83 2491 9.73
9 71.42 6.35 17.79 10.58

MoS, content was below the initial addition of MoS,.
The main reason is that the vacuum induction furnace
can provide a higher melting temperature, good stirring
effect and good diffusion conditions, so the Cu,S—MoS,
binary melt can completely melt. During the
measurement of cooling curve, the Cu,S—MoS; binary
melt was placed in the quartz tube, lack of stirring and
easily sticking to the melting.

During the cooling process of Cu,S, the temperature
of melt first rose and then decreased. The phenomenon
was called “recalescence”. In this  period,
phase-transition was generated and heat was released.
The temperature range of “recalescence” was close to the
melting point of Cu,S. The highest temperature of
“recalescence” process was 1141.0 °C. Therefore,
“recalescence” can be regarded as the solidification
process of Cu,S. Generally, the highest temperature of
“recalescence” was considered the melting point of
substance. So, the measured melting point of Cu,S was
1141.0 °C. Actually, the thermal effect also existed in the
cooling process of fusion samples 1—9. But the thermal
effect was very weak. Therefore, there was no
“recalescence” phenomenon. The cooling rate of furnace
was set as 2 °C/min, and the cooling process of melt
should also be linear. If the cooling curve deviated from
the linear, it can be regarded as the phase-transition,
along with the thermal effect. Therefore, the starting
temperature deviating linear was regarded as the initial
phase-transition temperature, and the temperature
regaining linear relationship was regarded as the final
phase-transition temperature. Based on this, the initial
and final phase-transition temperatures for fusion
samples 1-9 are listed in Table 3.

3.3 Binary phase diagram of Cu,S—MoS, system

According to the phase-transition temperatures of
Cu,S—MoS, melt samples with different compositions
(Table 3), the binary phase diagram of Cu,S—MoS,
system is plotted in Fig. 5. In addition, the XRD patterns
of samples 1-9 are shown in Fig. 6.

From Fig. 5 and Fig. 6, it can be seen that as the
MoS,; content of Cu,S—MoS, melt is 0—4.48%, the plot is
the simple eutectic binary phase diagram, and the
eutectic temperature is (1117.0+£3.0) °C and the MoS,
content of eutectic composition is (1.70+0.20)%. As the

Table 3 Phase-transition temperature of fusion samples with
different compositions

Initial phase- Final
No. W(MoS,)/% transition phase-transition
temperature/°C temperature/°C
0 0 1141.0 -
1 0.58 1134.1 1109.9
2 1.02 1121.7 1100.0
3 1.50 1142.0 1119.0
4 2.48 1131.2 1113.8
5 4.48 1142.0 1117.7
6 5.70 1141.2 1118.0
7 8.00 1146.4 1124.2
8 9.73 1152.9 1136.4
9 10.58 1158.0 1138.1
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Fig. 5 Binary phase diagram of Cu,S—MoS, system
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Fig. 6 XRD patterns of Cu,S—MoS, melt samples with
different compositions

MoS, content exceeds 4.48%, MoS, and Cu,S can form
ternary compound containing CuMo,S; or Cu,MogSs.
The melting points of CuMo,S; and Cu,Mo¢Sg are
respectively (1770£10) °C and (1750+£30) °C [7,9],
which are far below the melting point of MoS,, 2050.0
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°C. Therefore, the formation of ternary compound is
helpful to Mo entering into matte phase. According to the
trend of curve, the melting line and liquidoid can be
drawn from 1160 °C to 1200 °C. From the figure, the
two curves rose with increasing MoS, content,
meanwhile its interval also increased, which indicated
that the dissolved Mo as the ternary compound in the
Cu,S—MoS, melt increased gradually. In addition,
according to the rising trend of melting line, it can
estimate that Cu,S—MoS, melt can dissolve about
14.80% MoS, at 1200 °C. The research results are

different from the results of GULYANITSKAYA et al [8].

GULYANITSKAYA et al thought that the eutectic
composition of Cu,,S—MoS, system is 20% MoS, and
the eutectic temperature is 992 °C. It is found that
Cu,S—MoS, binary system with different composition
cannot melt at so low temperature. As the MoS, content
is between 4.00%—10.00%, the temperature of melting
line should be kept at 1140—1150 °C. The temperature
range is suitable for treating molybdenite using the bath
smelting process in industry. Although there is some
temperature fluctuation during the converting process,
MoS, is also not precipitated.

4 Conclusions

The binary phase diagram of Cu,S—MoS, system
was obtained. MoS, can dissolve in the Cu,S to form
molybdenum—copper matte. As the MoS, content was
0—4.48%, the Cu,S—MoS,; binary system was the simple
binary eutectic. Its eutectic temperature was (1117.0£3.0)
°C, and the MoS, content of eutectic composition was
(1.70+£0.20)%. As the MoS, content exceeded 4.48%,
MoS, and Cu,S can form the ternary compound

containing CuMo,S; or Cu,MogSs. The dissolved Mo as
the ternary compound in the Cu,S—MoS, melt increased
gradually with increasing MoS, content. At 1200 °C, the
solubility of MoS; in the white matte was 14.8%. The
melting temperature (<1200 °C) and the corresponding
solubility of MoS, indicated that the bath smelting
process for treating molybdenite seems to be feasible.
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