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Table 1 Characteristics and fabrication methods of elemental

powders
Elemental Purity/% Rartlcle Fabrication method
powder size/pum
W 99.95 2.4~2.6 Oxide reduction
Ni 99.90 2.2~2.5 Carbonyl process
Fe 99.50 3.0~5.0 Carbonyl process
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Fig.1 SPS cyclic heat-treatment processing curve of 93W-4.9Ni-
2.1Fe heavy alloy
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Fig.2 OM images of the specimens: (a) as-sintered and

(b) CHT20
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Fig.3 Influence of heat-treatment cyclic index on dihedral angle
and W-W contiguity (a), vickers hardness and tungsten

grain size (b)
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Table 2 EDS analysis of matrix phase in the specimens heat

treated for different cycles (w%)

Specimens W Ni Fe
content content content
As-sintered 26.77 52.72 20.50
CHTI1 27.57 51.98 20.44
CHT2 29.39 50.76 19.86
CHTS5 30.66 49.53 19.81
CHTI10 29.24 50.51 20.25
CHT20 28.12 51.44 20.43
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Fig.4 Bending stress-deflection curves of the cyclic alloy heat-

treated specimens
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Fig.5 Fractographs of the cyclic alloy heat-treated specimens: (a) as-sintered, (b) CHT1, (¢) CHT2, (d) CHTS, (e) CHT10, and (f) CHT20
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93W-4.9Ni-2.1Fe Alloy

Guan Mo, Li Xiaoqiang, Hu Ke, Yang Fan, Zhu Dezhi
(National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials, South China University of Technology,
Guangzhou 510640, China)

Abstract: The effect of vacuum cyclic heat-treatment based on spark plasma sintering (SPS) technique on the microstructure, composition
and properties of as-sintered 93W-4.9Ni-2.1Fe tungsten heavy alloy was studied by optical microscope, SEM, EDS and three-point
bending tests. The results show that the matrix penetration into W-W grain boundaries increases in amount remarkably, and the W-W
contiguity and dihedral angle decrease gradually with the increase of the cycle index. SPS cyclic heat-treatment does not obviously change
the micro-hardness and grain size. The matrix is strengthened by the increase of tungsten content owing to the treatment. The bending
strength of the alloy is significantly increased after 2 cycles. When the number of cycles is increased to 20, the average bending strength
reaches 2321 MPa, which is 160 MPa higher than that of the conventional liquid-sintered and solution-treated 93W-4.9Ni-2.1Fe alloy. The
microstructure and properties of 93W-4.9Ni-2.1Fe tungsten heavy alloy can be improved greatly by SPS cyclic heat-treatment.

Key words: 93W-4.9Ni-2.1Fe; spark plasma sintering; cyclic heat-treatment; bending strength
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