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The electrolysis of solid MoS2 to nano-Mo and elemental S in molten NaCl-KCl has been 

proposed and studied in detail. 
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Preparation of Mo Nanopowders through Electroreduction of Solid 
MoS2 in Molten KCl-NaCl 

Haiping Gaoa, Mingsheng Tana, Liangbin Ronga, Zhiyong Wanga, Junjun Penga, Xianbo Jin a,*, George Z. 
Chena, b  

Electrolysis of MoS2 to produce Mo nanopowders and elemental sulfur has been studied in the equimolar mixture of 
NaCl and KCl at 700 oC. The reduction mechanism was investigated by cyclic voltammetry (CV), potentiostatic and 
constant voltage electrolysis together with spectroscopic and scanning electron microscopic analyses. The reduction 
pathway was identified as MoS2  LxMoS2 (x  1, L = Na or K)  L3Mo6S8 and LMo3S3  Mo, and the last step to 
the formation of Mo was found to be relatively slow in kinetics. Electrolysis at a cell voltage of 2.7 V has led to a rapid 
reduction of MoS2 to nodular Mo nanoparticles (50∼100 nm), with the current efficiency and energy consumption 
being about 92 % and 2.07 kWh/ kg-Mo, respectively. 

 

Introduction 

Mo (molybdenum) and Mo based alloys have the ability to withstand extremely high temperatures and very 

corrosive environments, and are widely used as structural and, electronic materials, and casting moulds and 

containers. It is also a useful alloying additive to stainless steels for enhanced hardenability, strength, 

toughness, and resistance to high temperatures. Consequently, Mo containing steels account for one tenth 

of the total steel production of the world.1-5 Mo is comparable to Pt in terms of anti-erosion capability to 

molten glass, and is used as the electrode and structural units in the glass furnace.3,4 Other Mo based alloys, 

such as MoTi(Zr), MoRe and MoW, possess high strength and high hardness at elevated temperatures. 

Particularly, MoRe is stable up to 2000 oC,6 and thus has important applications in the aerospace and engine 

industry. The components of Mo and Mo alloys are usually fabricated by powder metallurgy, during which, 

the powder of the metals were pressed to green bodies and then sintered at about 2100 oC. 6,7 

Molybdenite (MoS2) is the main natural source of molybdenum. The present Mo metallurgy includes 

two main steps as represented by reactions (1) and (2) below: (1) calcination of MoS2 to MoO3 in air at a 

temperature of 700 °C, and (2) thermal reduction of MoO3 to the metal by hydrogen or aluminium.8-10  

2 MoS2 + 7 O2 → 2 MoO3 + 4 SO2                                 (1) 

 MoO3 + 3 H2 (or 2 Al) → Mo + 3 H2O (or Al2O3)          (2) 

Such processes are extremely environment unfriendly because that the emission of SO2 generated by 

reaction (1) can lead to serious acid rain.9-11 On the other hand, the use of H2 or Al is expensive. Particularly, 

Al is produced by electrolysis in molten fluoride salts with high energy consumption and serious CO2 

emission.  

Vacuum decomposition of MoS2 to Mo and valuable S has been suggested to be a clean alternative route, 

however, the process temperature is too high (>1900 oC).6,12 Electrolytic decomposition of MoS2 would be 

preferable. This is because the theoretical decomposition voltage of MoS2 to metallic Mo and elemental S 

is very low, for example, 0.57 V at 700 oC (MoS2  Mo + S2 (gas), ΔGr
Θ = 221.034 kJ/mol). Thus, direct 

electrometallurgy of MoS2 would be very energy-efficient and environmental friendly. Electrolysis of 

dissolved metal sulfides in molten chlorides has been attempted  at about 700 oC, and while the metal 

deposits on the cathode, the graphite has been confirmed to be a good inert anode on which S2- ions are 

oxidized to the S2 gas.13-18 For example, it was proposed to produce Al by electrolysis of dissolved Al2S3 

in molten chlorides, although there are difficulties in preparation of and handling with the anhydrous Al2S3. 

On the other hand, dissolution of these metal sulfides (such as Al2S3 and PbS) was often achieved by 

addition of the respective metal chlorides (e.g. AlCl3 and PbCl2) into the melt, which is challenging because 

of the high partial pressures of these transition metal chlorides at elevated temperatures.17,18  
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Another electrometallurgy concept was put forward as exemplified in the preparation of Ti by electrolysis 

of a solid TiO2 cathode in molten CaCl2.19 During electrolysis, the cathode remains in solid, and it is the 

O2- ion that leaves the cathode, diffuses through the molten salt, and then discharges to CO2 at a graphite 

anode (or O2 on an inert anode20,21). This method has attracted numerous attentions for preparation of 

various transition metals and their alloys from their oxide precursors as reviewed recently.22 The 

electrolysis of solid sulfides in CaCl2 based molten salts have also been predicted and previously 

investigated at 800 oC or higher temperatures.23-26 Similar to solid oxides, solid sulfides can be reduced to 

the respective solid metals, and the S2- ions then transfer to the graphite anode through the molten salt, and 

discharge to the S2 gas. Unfortunately, the cathodic products could be significantly contaminated by CaS26 

even after prolonged electrolysis, indicating the insufficient dissolution capacity of CaCl2 for the S2- ions. 

However, it has been demonstrated that the mixtures of KCl and NaCl possess much higher capacity for 

dissolution and transport of S2- ions even at a relatively lower temperature (e.g. 700 oC). In this mixture, 

solid WS2 has been electrolyzed to W nanopowder and element S at high speed and current efficiency 

against the inert graphite anode.27 

 This paper reports our findings from direct electrolysis of solid MoS2 in the equimolar NaCl-KCl 

mixture at 700 oC. The reduction mechanism has been elucidated according to results from cyclic 

voltammetry (CV), potentiostatic and constant voltage electrolysis. We are also motivated to find a facile 

process for making Mo nanopowders that would otherwise be very difficult or expensive to produce by a 

traditional method. 

Experimental 

 The as-received analytical grade NaCl (351 g) and KCl (449 g) granules (99.5%, Sinopharm Chemical 

Reagent Co., Ltd, China) were mixed together and added into a Graphite crucible with 9.0 cm inner 

diameter and 23.5 cm height (99.99%, Jing Shi Ceramics Co., Ltd. Shanghai, China) which was the placed 

in a vertical stainless steel tube reactor under argon (99.999%, Wuhan Iron and Steel (Group) Corp., China). 

The temperature of the reactor was controlled by a programmable box furnace. The mixture was heated to 

300 ◦C for 10 h to remove moisture. At a rate of 3◦C min−1 the temperature was raised to 700 ◦C for 

electrochemical experiments. Pre-electrolysis was carried out at 2.4 V between a nickel foil cathode and a 

graphite rod anode in order to remove possible redox active impurities in the melt. 

Cyclic voltammograms (CVs) of solid MoS2 (AR grade, 99%, Kemi’ou Reagent Plant, Tianjin, China) 

in the mixture of NaCl-KCl were recorded using a Mo metallic cavity electrode27 (MCE), with the MoS2 

powder (~ 0.5 mg) as the active material filled in the through-hole cavity (0.5 mm in both diameter and 

depth, see inset of Figure 1a). Further, the MoS2 powder was pressed into a cylindrical pellet (0.3 g in 

weight, 1.3 cm in diameter, or 1.45 g in weight, 2 cm in diameter; pressure: 4Mpa ~ 6Mpa), sintered in 

argon at 300 ◦C for about 2 h and then sandwiched between two wire meshes of molybdenum to form an 

assembled cathode for the constant potential (three electrode) or cell voltage (two electrode) electrolysis. 

A graphite rod (15 mm in diameter, 99.99%, Jingshi Ceramics Co., Ltd. Shanghai, China) was used as the 

counter electrode (anode) for all electrochemical tests. In voltammetric and potentiostatic experiments, the 

potential was controlled against a quartz sealed Ag/AgCl reference electrode as described previously.28 The 

CVs were recorded on a computer-controlled CHI660A Electrochemical System (Shanghai Chenhua, 

China), while the constant potential or cell voltage electrolysis was controlled by a multichannel four-

electrode potentiostat (Neware, China). After electrolysis, the cathode pellet was lifted above the melt, 

cooled in argon, washed with distilled water and dried under vacuum at 80℃.  

Electrolysis products were characterized by X-ray diffraction spectroscopy (XRD, X-ray 6000 with Cu 

Kα radiation at λ=1.5405 Å, Shimadzu, Japan), and scanning electron microscope (SEM, FEI Sirion Field 

Emission Gun SEM system) together with energy dispersive X-ray (EDX) analysis. 
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Results and discussion 

 Figure 1 shows the CVs of Mo cavity electrode with and without the MoS2 powder (see the inset) in the 

NaCl-KCl melt at 700 oC. The large reduction current at about -2.1 V on the blank MCE, labeled as c5, can 

be attributed to the reduction of the cations from the melt. Figure 1a presents three consecutive CVs of 

MoS2 at 10 mV/s, showing clearly four reduction peaks c1, c2, c3 and c4 in the first cycle. These peaks 

between 0 and -2.0 V indicate the complexity of the electro-reduction of MoS2 in the NaCl-KCl melt, but 

they could be hardly seen in the following cycles, indicating that the MoS2 powder in the cavity was fully 

reduced to Mo after the first negative scan. To check it, the integrating charge of the four reduction currents 

has been calculated, which was about 1.324 C, matching very well with the theoretical charge (about 1.206 

C) needed for the complete reduction of the 0.5 mg MoS2 in the MCE. On the other hand, Figure 1a also 

shows two very small reoxidation peaks a2 and a1 at potentials of about -1.1 V and -0.7 V respectively, 

which became more noticeable in both the current and integral charge as the scan rate increased to 50 mV/s 

(Figure 1b). These features should have been associated to the irreversible diffusion of the S2- ions out of 

the MCE. As a result, the amount of S2- in the cavity that could be re-captured for re-oxidation was 

dependent on the time or scan rate.27 These findings also suggest that the S2- could diffuse quickly away 

from the MCE in the NaCl-KCl melt at 700 oC.27  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MoS2 is known to have a layered structure, and 

can be intercalated by Na+ or K+ ions owing to the 

existence of  Vander Waals gaps between the 

covalently bound S-Mo-S sandwiches,29 The 

reduction of MoS2 in the NaCl-KCl melt should also 

undergo electrochemical intercalation of Na+ and/or 

K+ ions. Figure 2 shows specially four consecutive 

CVs of MoS2 at 50 mV/s in the potential range from 

-0.6 V to -1.2 V, indicating that peaks c1 and a1 are 

a redox pair, which correspond most likely to the 

intercalation and deintercalation reactions. 

 

 

 

(a)  (b) 

Figure 1. Cyclic voltammograms (CVs) of the Mo cavity electrodes (MCEs) loaded without (blank) and with the 

MoS2 powder in equimolar NaCl-KCl mixture at 700 oC. (a) Consecutive CVs at 10 mV/s, (b) CVs at different 

scan rates as indicated. The insert image in (a) shows the powder loaded MCE. 

Figure 2. Consecutive CVs of the indicated cycles of the 

MCEs loaded with MoS2 powder in the potential range 

between -0.6 and -1.2 V at 50 mV/s in the equimolar NaCl-

KCl mixture at 700 oC. 
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In order to further understand the electro-reduction process, a series of potentiostatic electrolysis of the 

MoS2 pellets were carried out at different potentials between -0.8 V and -1.8 V vs. Ag/AgCl. The studied 

pellet was about 0.3 g in mass, and the theoretical charge Q needed for complete reduction was about 724 

C.    

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Figure 3a, the current responding to the suddenly imposed potential of -0.8 V displays only 

the charging current to the double layer, and the pellet after the electrolysis was still MoS2 as indicated by 

the XRD analysis (Figure 4). The reduction of MoS2 took place at potentials more negative than -0.9 V 

(versus Ag/AgCl). After the double layer charging, the reduction current climbed first, and then decreased, 

forming a reduction current peak. This feature has been commonly observed in electrolysis of solid oxide 

pellets, and rationalized by the dynamic metal/metal oxide/electrolyte three phase interlines (3PIs) 

theory.30,31 Similar to an oxide pellet cathode, the electronic contacts between the Mo meshes and MoS2 

pellet were limited, but considering that MoS2 is a semiconductor, the initial reduction may occur in the 

neighbouring zone around each 3PI (metal/MoS2/electrolyte). The transverse development of such reaction 

zones on the pellet surface may still cause an initial increase of the cathodic current, which then decreases 

due to the increasing ohmic and mass transfer polarisations of the reduction in the depth direction. However, 

at a very negative potential, the development of the reaction zones on the surface should be very quick. In 

such a case, the ohmic resistance in the MoS2 cathode could be overcome, allowing the simultaneous 

occurrence of charge transfer reactions at the whole metal sulfide/NaCl-KCl interface. Consequently, the 

current peak would become imperceptible as shown by the current-time curves of -1.4 V and -1.6 V in 

Figure 3b.  

In line with reduction peak c1 on the CVs, the reduction current at -0.9 V (Figure 3a) can be attributed 

to the formation of LxMoS2 (x  1, L = Na or K) as a result of electrochemical intercalation of Na+ and/or 

K+.29 The integral cathodic charge of about 70 C for the 0.3 g MoS2 pellet corresponds to x ≈ 0.4 in LxMoS2. 

The x value should be potential dependent before it reaches 1: the more negative is the potential, the larger 

is the x value. The cathodic charge at -1.0 V increased to about 198 C, which can be compared with  the 

theoretical charge (about 180 C) needed for the formation of LMoS2. Thus it can be confirmed that the 

cathodic peak c1 on the CVs (Figure 1 and 2) is mainly due to the electrochemical insertion reaction. 

However, the XRD patterns of the products obtained at -0.9 V (Figure 4a) and -1.0 V (Figure 4b) both 

showed the feature (002) peak of MoS2 at 14.4o, except that the peak became weaker and broader. This 

might be due to that MoS2 had undergone formation of LxMoS2 as a result of electrochemical intercalation 

of Na+ and/or K+ during electrolysis followed by deintercalation during the post-electrolysis treatments in 

(a)  (b) 

Figure 3. Typical current-time curves recorded during the potentiostatic electrolysis of MoS2 pellets (0.3 g) at the 

indicated potentials (vs. Ag/AgCl) in molten NaCl-KCl (700 ℃).  
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water and air.29 To verify this thought, a 1.45g pellet was electrolysed at -0.95 V for 2 h, and the product 

was quickly washed in water for the XRD measurement. Clearly, the freshly washed product was mainly 

LxMoS2 with x close to 1 as evidenced by the shift of the (002) peak to about 9.5o due to lattice expansion 

in MoS2. A small peak at 14.4o was also observed, indicating that partial reaction between LxMoS2 and 

water to form MoS2. However, after aging in air, the 9.5o peak decreased significantly, accompanied by an 

increase of the 14.4o peak, suggesting the occurrence of deintercalation of L from the LxMoS2 phase in air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Small amounts of L3Mo6S8 and LMo3S3 were found in the products from electrolysis at -1.0 V as 

indicated by the XRD patterns. These phases became dominant at potentials of -1.2 ~ -1.4 V, and the 

featured XRD peak at about 14.4o disappeared, indicating the complete conversion of the MoS2 and LMoS2 

to L3Mo6S8 and LMo3S3. At the same time, the reduction charges at -1.2 and -1.4 V (Figure 3b, ~ 385 and 

410 C respectively) were slightly higher than a half of that (724 C) needed for the complete reduction of 

MoS2 to Mo. According to these results, the current peak c2 on the CVs in Figure 1a and 1b can be ascribed 

to the reduction of LMoS2 to L3Mo6S8 and LMo3S3. It is worth noting that the LMo3S3 phase also has a 

hexagonal structure like LMoS2 and MoS2, and the L3Mo6S8 has the same rhombohedral structure as Mo3S4 

but with lattice expansion. Therefore, both LMo3S3 and L3Mo6S8 may release L+ ions upon oxidation. 

Indeed, they reacted with water during washing with hydrogen gas generated. 

As the CVs in Figure 1a and 1 b show two other current peaks at about -1.77 V (c3) and -1.96 V (c4), it 

is surprising that the electrolytic product at -1.6 V was almost pure Mo as identified by XRD. Meanwhile, 

the calculated reduction charge (~ 752 C) according to 

the current-time plot in Figure 3b indicated as well the 

complete reduction of the MoS2 pellet to Mo. Such a 

mismatch indicates that the reduction of L3Mo6S8 and 

LMo3S3 to Mo may occur at much more positive 

potentials thermodynamically, but may suffer 

seriously from slow kinetics. To confirm this 

assumption, CVs were recorded on the MoS2 loaded 

MCE after constant potential electrolysis at -1.4 V and 

-1.6 V, respectively. In Figure 5, it can be seen that 

after the potentiostatic electrolysis at -1.4 V for 600 s, 

there was still a large cathodic current at potentials 

more negative than -1.6 V. On the contrary, no 

reduction peak was seen on the CV after electrolysis 

Figure 5. CVs of the MCEs loaded with MoS2 recorded after 

holding the potential at -1.4 V for 600 s and -1.6 V for 1000 

s respectively (50 mV/s, 700 oC, NaCl-KCl melt). 

(a)  (b) 

Figure 4. XRD patterns of the products from potentiostatic electrolysis of the MoS2 pellets at the indicated potentials 

for different times (700 oC NaCl-KCl melt). Each MoS2 pellet was 0.3 g except the -0.95 V one, which was 1.45 g. 
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at -1.6 V for 1000 s, indicating again the thermodynamic unstability of the species for the c3 and c4 peaks 

at -1.6 V.  

Based on these findings, the mechanism for the electro-reduction of MoS2 in the NaCl-KCl melts might 

be represented by reactions (1) to (5) below, 

x L+ + MoS2 + x e = LxMoS2  (x < 1, L = Na or K)          (1a) 

(1- x) L+ + LxMoS2 + (1 - x) e = LMoS2                    (1b) 

6 LMoS2 + 5 e = L3Mo6S8 + 4 S2- + 3 L+                              (2) 

3 LMoS2 + 4 e = LMo3S3 + 3 S2- + 2 L+                           (3) 

L3Mo6S8 + 13 e = 6 Mo + 8 S2- + 3 L+                            (4) 

LMo3S3 + 5 e = 3 Mo + 3 S2- + L+                                 (5) 

The morphologies of the electrolysis products at different potentials were revealed by SEM and are 

presented in Figure 6. The inserted EDX spectra indicate the initial inclusion of the Na and K elements in 

the reduction products at potentials between -0.9 V and -1.4 V, and the release of these two element later 

upon formation of Mo, which supports reactions (1~5). 
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Figure 6. Typical SEM images and EDX spectra of (a) the raw MoS2 powder, and (b-f) the products from electrolysis of 

MoS2 pellets under different conditions: (b) -0.8 V, 62 min; (c) -0.9 V, 90 min; (d) -1.4 V, 103 min; (e) -1.6 V, 130 min; (f) 

2.7 V, 2 h. For (b-e), potentiostatic electrolysis, 0.3 g MoS2; for (f): constant cell voltage electrolysis, 1.45 g MoS2. In all 

experiments, electrolysis was carried out at 700 oC in NaCl-KCl. 
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The original MoS2 powder (Figure 6a) had an average particle size of about 2~3 μm, consisting of mainly 

stacks of sheets. The grain sizes increased after electrolysis at -0.8 V, likely due to sintering at 700 oC 

(Figure 6b). The electrolysis product (Figure 6c) at -0.9 V consisted of similar large particles but showed 

obscure grain boundaries compared to those at -0.8 V, which was in accord with the above discussion that 

electrochemical intercalation of Na+ and/or K+ had occurred. As shown in Figure 6d, the electrolytically 

generated L3Mo6S8 and LMo3S3 particles at -1.4 V were of nanometre sizes, which seemed to be poor in 

electric conductivity as the discharge phenomena were noticed under SEM. The poor conductivity of these 

particles should be unfavourable to their further electrochemical reduction, however, as discussed above, 

reactions (4) and (5) were slow in kinetics. These intermediates were futher reduced to Mo at -1.6 V, the 

inset image in Figure 5e reveals nodular shapes of the generated Mo particles of 50 ~ 100 nm in size. 

Constant cell voltage electrolysis was carried out between the MoS2 pellet (1.45 g, 2 cm in diameter) 

cathode and the graphite rod anode to further understand the reduction mechanism of MoS2 in the NaCl-

KCl melt, as well as to make an initial process evaluation. By applying a cell voltage of 2.7 V, it was 

assumed that the thermodynamic and kinetic difficulties encountered in the reduction of the intermediates 

could be overcome, so that fast electrolysis can be implemented. Figure 7 shows the current response upon 

the application of the 2.7 V cell voltage, with the potential of the solid cathode monitored simultaneously, 

suggesting several reduction stages. These current changes can be referred to the XRD analyses (Figure 8) 

of the partially reduced products and the final product.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first stage lasted for about 5~8 min with the largest current, suggesting a very fast reaction. The 

XRD pattern of the 5-min product after washing in water showed amorphisation of the MoS2 structure, 

apparently resulting from deintercalation of L during washing after electrochemical intercalation via 

reaction (1) as discussed above. The 10-min product consisted of mainly L3Mo6S8 and LMo3S3, indicating 

that the second stage (~ 8~18 min) corresponded to reactions (2) and (3), which were still fast. The third 

stage between 18 and 60 min was relatively slow, and Mo became the dominant phase in the product, 

indicating most of the sulfide had been reduced. These analyses were in well agreement with the cathode 

potential-time plot as shown in Figure 7. The cathode potentials were around -1.3 V, -1.5 V and -1.65 V at 

the first, second and third stage, corresponding to the formation of LxMoS2, LMo3S3 and L3Mo6S8, and 

metallic Mo respectively according to those results from the potentiostatic electrolysis. 

Figure 7. The current-time and cathode potential-time plots 

recorded during the constant cell voltage electrolysis of MoS2 

pellets (ca. 1. 45g) at 2.7 V and 700 oC in the NaCl-KCl melt.

Figure 8. XRD patterns of the products from electrolysis 

of MoS2 pellets (ca. 1.45 g) at the cell voltage of 2.7 V for 

different times in the NaCl-KCl melt at 700 oC. 
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 The complete metallization of the whole cathode was accomplished within 2 hours, and the final product 

was nodular nanoparticles of Mo of 50~100 nm in size (Figure 6f). This kind of nano-Mo powder was 

stable during washing with water. The metal recovery reached about 94%, which is high considering the 

inevitable loss of nanoparticles during the washing, filtration and collection steps. 

 

 

 

 

 

 

 

 

 

 

 

 

According to Figure 7, the current efficiency was as high as 92% for the 2 h electrolysis at 2.7 V (cell 

voltage), and the energy consumption was about 2.07 kWh/kg-Mo. Other important advantages of such 

solid metal sulfide electrolysis include: (1) the solubility of S2- in the NaCl-KCl based melts can be very 

high (for example, 39 mol/L in NaCl at 712 oC) ,32 which allows fast diffusion and convection of S2- ions 

from the cathode and then through the electrolyte to the anode;33 (2) graphite is an ideal non-consumable 

anode material with sulfur as the product from anodic oxidation of S2-, which has been evidenced not only 

by a previous study on solid WS2 electrolysis,27 but also by numerous works on electrolysis of dissolved 

metal sulfides.13-18 In this work, buff deposition was found on the water cooled top wall of the steel reactor, 

and collected and washed with water. The resultant yellow powder was identified by XRD to be element S 

as shown in Figure 9, confirming that the S2- ions had been oxidised to S on the graphite anode. 

Conclusions 

 Facile preparation of Mo nanopowder can be achieved through electrolysis of solid MoS2 in NaCl-KCl 

at 700 oC. Studies from cyclic voltammetry, potentiostatic and constant cell voltage electrolysis together 

with XRD and EDX analyses, and SEM observation have shown that the MoS2 phase was first reduced to 

LxMoS2 and LMoS2 through continuous electrochemical insertion of Na+ and/or K+. The next intermediate 

products were L3Mo6S8 and LMo3S3 whose further reduction led to formation of the Mo nanopowder. 

Compared to other steps, the reduction of L3Mo6S8 and LMo3S3 was more difficult in kinetics, requiring 

a relatively higher overpotential for their quick reduction. Rapid electrolysis of MoS2 has been realized at 

a cell voltage of 2.7 V with current efficiency as high as 92%. The electrolytic Mo nanopowders consisted 

of nodular nano-particles (50∼100 nm in size) with high metal recovery. The anodic product was confirmed 

to be elemental sulfur. These findings can form the basis for the development of a new, fast, and 

environment friendly electrolytic process for the metallurgy of MoS2 and the commercial production of 

nano-Mo powders. 
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Figure 9. Photograph of the condensed anodic sulfur product with the XRD pattern inserted. 
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