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Table 1 Physical and chemical properties of high-purity molybdenum

Performance Key parameter Application field Targeted demand
) Nuclear, aerospace, electronics, Ultra-low impurity and high-
Purity 299.999% (5 N) . .
and high-end alloys performance material
Density/g-cm™ 10.22 Nuclear, aerospace High structural stability and strength
Resistivity/ . . High conductivity, enhanced device
N 5.4 (20°0) Electronics, semiconductors )
X107 Q'm efficiency

High-temperature . . .
Melting near theoretical point, stable at 1200 °C

stability
Corrosion Excellent acid/alkali/molten salt resistance
resistance (notably in HNO, & HF)
Processability Uniform grains, good ductility
Oxidation Low oxidation rate, stable oxide layer

Specific use Neutron shielding, thermal conductivity

Aerospace, nuclear, high- Creep resistance, thermal stability in

temperature components extreme conditions
. Long-term durability in corrosive
Nuclear, chemical )

environments

Improved machinability, reduced

Precision component forming

defects and breakage

. Extended lifespan in oxidizing
Aerospace, electronics .
environments

. Materials for extreme thermal and
Reactors, heat sinks
nuclear stress
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Fig.3 Schematic diagram of spray pyrolysis (a) and SEM images of molybdenum powder before (b) and after (c) the hydrogen reduction™**!
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Fig.4 Schematic diagram of the preparation process of molybdenum powder by hydrogen reduction™” (a) and SEM images of molybdenum

powder before (b) and after (c) the hydrogen reduction”*!
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Fig.5 Schematic diagram of preparation process of molybdenum powder by molten salt-assisted reduction (a), Schematic diagram of the growth

of nanocrystalline species®

! (b), and SEM images of Mo powder before and after the reaction (c—e)"
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Fig.6 Mechanism (a)"*® and flow diagram® (b) of carbon thermal reduction; SEM images of molybdenum powder before (c) and after (d)

reaction®®
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before (b) and after (c) reduction™”
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Fig.9 Morphologies of molybdenum powder reduced by different processes
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Table 2 Comparison of molybdenum powder prepared by different processes
Process Technical feature Conditions Purity Particle size ~ Impurity leve
Mature & scalable; stepwise reduction under
. ) 400-1200 °C, low H,, O: about
Hydrogen reduction water vapor partial pressure to suppress . =99.9% 0.28-1 pm
) and partial pressure 1050 pg/g
agglomeration
Spray drying + Controllable size; uniform morphology; Oxide precursor
pray ry £ . e TPROT8Y P . =299.9%  0.052-2.09 um Low
reduction suitable for 3D printing and fine alloy powders +H, reduction
Low-temperature Fine and uniform particles; 650-750 °C,
) 299.9% 46-500 nm 0<0.15wt%
molten salt suitable for ultrafine powders molten salt (NaCI-KCl)
. . C<0.20wt%,
) ) Low cost; residual carbide (Mo,C); 800-1100 °C,
Carbide reduction . ) =299.5% 70-200 nm O: about
suitable for coarse powders reductive atmosphere
4.5wt%
) Fast kinetics; ultrafine spherical Mo 6000-8000 °C,
H, plasma reduction . . Lo =299.999% 20-90 nm 0<0.05wt%
powders; suitable for high-end applications H,/Ar plasma
Rapid reaction; suitable for alloying 1400-1500 °C, O: about
SHS . 299.9% 0.1-1 pm
Mo powders Mg/Zn reduction 0.15wt%
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Fig.10 Schematic diagram of the preparation process and development trend of high-purity molybdenum powder
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Abstract: High-purity molybdenum powder, owing to its excellent high-temperature mechanical properties, electrical and thermal conductivity,
and corrosion resistance, has been widely applied in aerospace, electronic devices, nuclear energy, and powder metallurgy. This paper
systematically reviewed the preparation methods of high-purity molybdenum powder, including hydrogen reduction, carbothermal reduction,
spray pyrolysis, and low-temperature molten salt-assisted reduction. The effects of different preparation techniques on the purity, particle size
distribution, morphological evolution, and sintering performance of molybdenum powder were analyzed. Among existing methods, hydrogen
reduction is extensively applied, and research suggests that tuning reduction conditions can significantly influence impurity removal and
morphological consistency. Additionally, emerging techniques, such as spray pyrolysis and low-temperature molten salt-assisted reduction, exhibit
promising potential in particle size control, spheroidization, and nanostructuring, thereby enhancing powder flowability and sintering
densification. Future research should further optimize precursor selection and process parameters to enhance the purity, particle size uniformity,
and morphological control of molybdenum powder, meeting the growing demand for high-performance molybdenum materials in advanced
manufacturing.
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