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Table 1 Characteristics and fabrication methods of elemental

powders
Elemental ) Particle o
Purity/% . Fabrication method

powder size/pm
w 99.95 24-2.6 Oxide reduction
Ni 99.90 2.2-25 Carbony process
Fe 99.50 3.0-5.0 Carbony process

0-Al)O4 99.99 1.0-1.2  Hydroxide calcination

PR R A S E M F) T2 4 1F R AT R A e
2. WK R R B R ik B & R
93%W-4.9%Ni-2.1%Fe( Ji & 4 # %) Al
95%W-2.8%Ni-1.2%Fe-1.0%ALO;(Ji &0 %, %)
BeEbHRFRE, TEH 24 h, SRJ54 250 MPa A %5 AR
B, FAEMEAT B 2 b TR e s, RN
AR RN 1520 °C, BeEARIEIN A Y 90 min.
FR2E A 93WHA 1 9SWHA & £ M EUE 7351 8 99.4%
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Fig. 1 Micrographs of as-sintered and cyclic heat-treated 93W ((a), (c), (e)) and 95W ((b), (d), (f)) alloys: (a), (b) As-sintered; (c),

(d) Cycle index of 10; (e), (f) Cycle index of 20
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Fig. 2
W-W contiguity; (c) W grain size; (d) Hardness
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Influence of heat-treatment cycle index on microstructure and hardness of 93 W and 95 W alloys: (a) Dihedral angle; (b)
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Table 2 EDS analysis results from matrix phases in

specimens heat-treated for different cycles

Specimen Mass fraction/%

No. W Ni Fe
CHTO 26.77 52.72 20.51
CHT1 27.57 51.98 20.45
CHT2 29.39 50.76 19.85
CHTS 30.66 49.53 19.81
CHT10 29.24 50.51 20.25
CHT20 28.12 51.44 20.44
SPSO 24.32 56.92 18.76
SPS5 29.39 52.19 18.42
SPS10 29.93 52.79 17.28
SPS20 26.87 54.85 18.28
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Fig. 3 Influence of heat-treatment cycle index on bending

strength and deflection of 93 W and 95 W alloys
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Fig. 4 Dislocation in W—M interface of 93 W alloy
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Table 3 EDS analysis results of Al,O; in 95 W specimens

heat-treated for different cycles

Specimen Mass fraction/%

No. (0] Al Fe Ni w
SPSO 57 41.32 - 0.35 1.33
SPS5 55.35 38.97 - 0.75 4.93

SPS10 54.4 36.07 - 1.31 8.22

SPS20 50.74  35.71 0.78 3.44 9.33
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Fig. 5
cyclic heat-treated 93 W ((a), (b), (c)) and 95
W ((d), (e)) alloys: (a), (d) As-sintered; (b)
Cycle index of 2; (c), (e) Cycle index of 20

Fractographs of as-sintered and
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Effect of SPS cyclic heat-treatment on microstructure and
properties of 93W-4.9Ni-2.1Fe and 95W-2.8Ni-1.2Fe-1Al,0; alloys

LI Xiao-giang" % LIU Bo', HUANG Guan-xiang', GUAN Mo', HU Ke', QU Sheng-guan'*

(1. National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials,
South China University of Technology, Guangzhou 510641, China;
2. Key Laboratory of High-efficiency Near-net-shape Forming Technology and Equipments for Metallic Materials,
Ministry of Education, South China University of Technology, Guangzhou 510640, China)

Abstract: The effect of cyclic heat-treatment based on spark plasma sintering (SPS) technique on the microstructure and
mechanical properties of as-sintered 93W-4.9Ni-2.1Fe and 95W-2.8Ni-1.2Fe-1A1,0; heavy alloy with the same
theoretical density was studied by optical microscopy, SEM, TEM, EDS and three —point bending tests. The results show
that with increasing the SPS cycle index, the average W grain size of 93W-4.9Ni-2.1Fe alloy unchanges markedly, while
both the tungsten content and dislocation density in matrix tend to increase. As a result, the hardness, bending strength
and fracture deflection of the alloy are improved gradually owing to solid solution and dislocation strengthening by the
treatment. 95W-2.8Ni-1.2Fe-1A1,0; alloy, possesses quite less average W grain size, higher W—W contiguity and highly
hard and brittle characteristics, because of the higher W content and the addition of Al,O5 particles. Its microstructure and
composition distribution are affected in a lower degree by SPS cyclic heat-treatment. Although the mechanical property is
improved with increasing the SPS cycle index, the obtained bending strength and fracture deflection are obviously lower
those of 93W-4.9Ni-2.1Fe alloy, except quite bigger hardness. However, too many times of cyclic heat treatment induce
the decrease of hardness and fracture deflection of the two types of alloys.

Key words: tungsten heavy alloy; spark plasma sintering; cyclic heat-treatment; microstructure; property
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