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Performance and microstructure of 90W-Ni-Fe high-density
tungsten alloy fabricated by vacuum sintering
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Abstract: 90W-7Ni-3Fe high-density tungsten alloys were fabricated by vacuum sintering method. Material testing
machine, SEM and XRD were adopted to characterize the performance and microstructure of the alloys. The results show
that the relative density, strength and plasticity of tungsten alloys increase at first and decrease afterwards with the
increase of the sintering temperature. The sample sintered at 1 440 C demonstrates the optimal performance. Its relative
density, bending strength, tensile strength, elongation and cross section shrinkage ratio are 99.2%, 1 920 MPa, 886 MPa,
22.83% and 24.37%, respectively. The tungsten alloy is simply made up of body centered cubic tungsten phase and face
centered cubic Fe;Ni, solid solution phase. With the increase of sintering temperature, the fracture morphology of
tungsten alloy is transformed from intergranular brittle fracture to transgranular brittle fracture, dimple ductile fracture,
bonding phase tearing ductile fracture and transgranular brittle fracture subsequently during the sintering temperature
range from 1 360 to 1 460 C.
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Table 1 Property parameters of raw powders

Element  Density/(grem )  Purity/% Particle size/um
W 19.3 =99.5 3
Ni 8.9 =98.5 2.25
Fe 7.86 =98.3 3.16
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Fig. 2 XRD patterns of different powders
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Fig. 1 SEM morphologies of different powders:
(a) W powder; (b) Ni powder; (c) Fe powder;
(d) 90W-Ni-Fe powders with dry mixing; (e)
90W-Ni-Fe powders with wet milling
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Fig. 8 SEM images of tensile samples sintered at different temperatures: (a) 1 360 ‘C; (b) 1 380 C; (¢) 1 400 C; (d) 1 420 C;

(e) 1440 °C; (f) 1 460 °C
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