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Abstract: In order to meet the demand for W-Ni-Fe heavy alloys (WHAs) with high mechanical properties, fabricating
fine-grained WHAs by restraining the growth of W grains is the main development trend. Adding alloying elements or
oxides in W-Ni-Fe composite powders can cause fine-grained strengthening, solution strengthening or dispersion
strengthening. These strengthening techniques are benefit to the significant improvement of WHAs strength and hardness.
From adding refractory metal elements, rare earth elements and oxides in the WHAs, and combining with the studies of
the authors on the fine-grained WHAs containing Mo fabricated by spark plasma sintering (SPS), different strengthening
techniques were introduced. Based on the existing main problems in the realm of WHAs, some suggestions of future
research directions were presented.
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Fig. 1 SEM images of W-10Mo-7Ni-3Fe specimens prepared
from W powder of 5.4 um particle size and sintered for 10
min(a), 1 h(b) and 2 h(c)?
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Fig. 3  Effect of sintering temperature on mechanical

properties of W-2Mo-7Ni-3Fe alloy””!
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B4 AR D A5 T 4E W-2Mo-7Ni-3Fe #5817 B
Fig. 4 Fracture morphologies of W-2Mo-7Ni-3Fe alloy sintered by SPS at different temperatures: (a) 1 000 C; (b) 1 100 C;
(c) 1200 'C; (d) 1250 C

£1 4 Mo Ta [ W-TNi-3Fe &4t 124 P el

Table 1 Mechanical properties of Mo or Ta treated heavy alloys™>!

Sintered density/ Theoretical density/ Yield strength/  Ultimate strength/  Elongation/  Hardness,

Alloy (g.cm™) % MPa MPa % HRA
90W 17.1 99.6 535 925 31 62.8
85W-5Ta 16.2 95.0 740 1025 3 69.0
88W-2Mo 16.9 100.0 570 945 28 63
86W-4Mo 16..6 100.0 625 980 24 64
84W-6Mo 16.4 99.9 650 1005 24 66
82W-8Mo 16.2 100.1 715 1030 20 68
78W-12Mo 15.7 100.1 835 1100 10 68
74W-16Mo 153 100.2 890 1145 7 69
78W-12Mo" 15.7 100.1 670 1025 9 66

1) Sintering time 120 min, all other sintering time 30 min.
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PR 4 A UOMIRESY T W-TNi-3Fe. W-5Ta-7Ni- G FE R SR A S BN, 7E 1 460 CH%E
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Fig. 5 SEM images of nanocomposite W alloy powders
synthesized by hydrogen reduction!: (a) W-4.9Ni-2.1Fe;
(b) W-4.9Ni- 2.1Fe-0.03Y
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Fig. 6 Optical micrographs of tungsten heavy alloy sintered at 1 485 °C for 1 h with different mass fractions of PSZ particles

(a) Without PSZ; (b) 0.1%; (c) 0.2%; (d) 0.3%
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