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Table 1 Grain sizes in sinter billet and as-deformed sheet of

Mo-Si alloys!”

Material Sinter billet/um  As-deformed sheet/pum
Pure Mo 24.83 11.72
Mo-0.1Si 23.35 11.42
Mo-0.3Si 22.08 6.99
Mo-0.6Si 14.11 5.17
Mo-1.0Si 11.82 4.25
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Fig. 1 Vickers hardness for sinter billets and as-deformed of

Mo-Si alloys”’
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Fig. 2 SEM backscattered images of microstructure of
Mo-50%W composite particles!'”: (a) High-energy ball milling

for 20 h; (b) High-energy ball milling for 40 h
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Fig. 3  Microhardness versus composition of sintered
specimens(Specimens at 0 and 100% tungsten sintered from

unmilled powders)!'”
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Fig.4 SEM images of alloys!'®: (a) Mo-0.1Zr; (b) Mo-0.8Ti
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Fig. 5 TEM images of alloys!'”: (a) Mo-12Si-8.5B alloy; (b),
(c) ZrO, and Mo,Zr particles at grain boundaries and inside
grains of Mo-12Si-8.5B-1Zr and Mo-128Si-8.5B-4Zralloy,

respectively
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Fig. 6 Sketches illustrating fracture process of pure Mo, Mo0-0.5%La,0;, Mo-1.5%La,03; and Mo-2.0%La,0O3(mass fraction), tested

at high temperatures™”
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Fig. 7 Schematic diagrams of liquid—liquid doping(a) and liquid—solid doping(b) "
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Fig. 8 Tensile engineering(a) and true stress—strain(b) curves of CP-Mo , ODS-Mo and NS-Mo alloy™"
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Fig. 9 Comparisons in yield strength among pure Mo,

Mo-La,O; and Mo-La,0;-1.5%ZrB, alloys with different
[22]

characteristic microstructures
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Fig. 10 Schematic diagram of expansion of transgranular and
microcracks(a) and fracture texture of Mo-12Si-8.5B+1.2%La,0;

alloy(b) after three-point bending test at ambient temperature!*!
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Fig. 11 SEM images of molybdenum powders with different ALO; volume fractions®®: (a) p(AL,03)=3%; (b) p(AL,0:)=5%; (c)

P(AL03)=7%; (d) p(Al,05)=10%
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Fig. 12 Effects of Al,0; volume fraction on matrix hardness, friction coefficient and wear mass loss of Mo alloy

[28]
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Table 2 Milling conditions and marking of prepared Mo-TiC

powders (total milling time 5 h)?**!

Ball Rotation Powder identification marks

powder  speed/
ratio min”!  M0-25%TiC Mo-12.5%TiC Mo-6%TiC
5:1 200 A - -
10:1 200 B D E
10:1 300 C - -

GOE 00 L N e e s
& J5 Mo-TiC [y SEM &%)
Fig. 13 SEM images of Mo-TiC after plasma sintering at
1800 C (Bright: molybdenum; Dark: TiC with core-
rimstructure)™: (a) Specimen B, 1800 °C; (b) Specimen C,

1800 'C
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Fig. 14 Results of micro hardness measurements of all SPS

Mo-TiC compositest*]

TZM 4 4:(Titanium-zirconium-molybdenum alloy)
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Fig. 15 Relationship between relative density and TiC volume
fraction of TZM samples sintered at varying temperatures under
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Current status and development trend of toughening technology of
molybdenum-based materials
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Abstract: Molybdenum material has the advantages of good thermal conductivity, high strength, high melting point and
so on, which is widely used in many fields, for example, in the nuclear and aerospace industries for the manufacture of
convergent reactor diverter components and missile combustion chamber; in the machinery industry for cutting tools and
other parts. However, when the molybdenum material under high temperature conditions, its creep resistance, high
temperature strength and antioxidant properties will be significantly reduced, affecting the application of the material in
many fields to a great extent. This article mainly reviewed the use of different methods to improve the toughness of
molybdenum-based materials, including alloying, second-phase dispersion and severe plastic deformation, the mechanism
of these methods and the improvement effect of molybdenum materials were introduced, and the future research direction
of molybdenum-based materials was forecasted.
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