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Abstract Mo nanopowder was synthesized by ball-milling and subsequent hydrogen-reduction of MoO,

powder. To fabricate ultra fine grained molybdenum, two-step sintering and spark plasma sintering process

were employed. The grain size of specimen by two-step sintering and spark plasma sintering was around 0.6

pm and 0.4 um, respectively. Mechanical properties of ultra fine grained Mo with relative density of above

90% were significantly improved at room and high temperatures comparing to commercial bulk Mo of 99%

relative density. This result was mainly explained by the grain size refinement due to diffusion-controlled sin-

tering.
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Fig. 1. SEM images of Mo powder: (a) commercial Mo
powder and (b) hydrogen-reduced Mo powder after ball-
milled for 20h.
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Fig. 2. Densification behavior and grain growth during (a)
non-isothermal up to 1500°C and (b) isothermal sintering
at 1200°C.
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Fig. 3. Micrographs of cross-sectioned surface of (a) Mo
nanopowder sintered at 1200°C for 1 h and (b) commercial
Mo powder sintered at 1500°C for 3 h [10].
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Fig. 4. Fractured surface morphologies of (a) two-step sin-
tered and (b) non-isothermal sintered Mo nanopowder.
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Fig. 5. (a) Fractured surface morphology and (b) grain size
distribution of specimens sintered at 1000°C with pressure
of 50 MPa using SPS.
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Table 1. Mechanical properties of sintered Mo with various sintering methods

Relative

Vickers hardness Yield strength at

density Grain size at room temp. 1.000°C under)
strain rate of 10™/s
Commercial bulk Mo >98% ~150 pm 1.45 GPa 180 MPa
Sintered specimen of commercial Mo powder 95% 6.2 um 1.87 GPa 120 MPa
Sintered specimen of Mo nanopowder 95% 1.4 pm 2.34 GPa 253 MPa
Two-step sintered specimen 90% 0.6 um 3.16 GPa -
SPS of Mo nanopowder 95% 0.4 pm 4.40 GPa 385 MPa
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