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Fig. 1 XRD patterns of Mo powder before and after ball

milling
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Table 1 Characteristic parameters of Mo powder before

and after ball milling

Grain size/ Lattice strain/ Dislocation density/

Powder am o (1014 m—z)
Mo 122.3 0.035 0.212
Mo-350r 13.6 0.551 50.11
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Fig. 2 SEM images((a), (b)) and particle size distribution maps((c), (d)) of Mo powder: (a), (c) Before ball milling; (b), (d)
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Fig. 3 Variation curves of relative density(a) and hardness(b) of various Mo powder sintered at different temperatures
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Table 2 Properties of sintered Mo billets with different Fe

contents

Fe Relative
content/ Hardness, density/
HV ty

%(ICP) %

Powder

Before ball milling-Mo 0.024 90.0 83.0
After ball milling-(Mo-350r) 2.1 450.0 95.0

Before ball milling-(Mo-Fe) 1.0 150.0 74.3
Before ball milling-(Mo-Fe) 2.1 108.2 71.9
Before ball milling-(Mo-Fe) 4.0 128.0 71.3
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Fig. 4 SEM images of commercial Mo powder sintered at various temperatures: (a), (d) 1200 ‘C; (b), (e) 1400 C; (c), (f)

1600 C
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Fig. 5 SEM images of Mo-350r sintered at various temperatures: (a), (d) 1200 ‘C; (b), (e) 1400 C; (c), (f) 1600 'C
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Fig. 6 Relationship between sintering time((a), (c)), temperature((b), (d)) and shrinkage
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Low-temperature densification of
molybdenum powder activated by high-energy ball milling

LI Kai, WANG De-zhi, WU Zhuang-zhi, DUAN Bo-hua, LIU Xin-li

(School of Material Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The commercial molybdenum powder was activated by the pretreatment of high-energy ball milling, the
effects of ball milling time on its morphology as well as physical characteristics were studied, and the
corresponding sintering densification behavior and activation mechanism were also investigated, which was
compared with that of the commercial molybdenum pure molybdenum powder. The results show that the
commercial molybdenum powder has been effectively activated by mechanical high-energy ball milling and
obtained additional surface energy and lattice distortion energy, leading to the significant reduction of sintering
densification temperatures. Sintered at 1300 C, the obtained billets achieve a high relative density of 95% and
microhardness of 450 HV, much larger than those of commercial molybdenum powder(83%, 90 HV).

Key words: high-energy ball milling; mechanical activation; low-temperature sintering; densification
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