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Microwave sintering of W-Ni-Fe heavy alloys

ZHOU Cheng-shang, YI Jian-hong, LUO Shu-dong, PENG Yuan-dong, CHEN Gang

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: 90W-7Ni-3Fe heavy alloys was preliminarily sintered via microwave radiation, and the effects of sintering
parameters, such as peak temperature and sintering time on the density and mechanical performance of alloy were
investigated, the grain growth of W was analyzed. The results show that the heating rate of the alloy by microwave
sintering technique is fast, therefore the sintering cycle reduces dramatically. The consolidating process is promoted and
the as-sintered alloys have excellent properties, such as relative density of 99.24%, tensile strength of 925 MPa and
elongation of 23.64% after sintering at 1 480 ‘C for 5 min. In spite of higher growth rate microwave sintering leads to
finer W grain size after short time soaking, compared with conventional sintering, which suggests that microwave
sintering leads to higher growth rate of W grains, and the prolongation of sintering time of W in heavy alloys is
undesirable.
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Table 1 Characteristics of W, Ni and Fe powders

Powder  Production wl % :Zl:/l::i Shape
W Reduced =99.5 2.75 Irregular
Ni Carbonyl =99 <3.3 Spherical
Fe Carbonyl =97 <3.5 Spherical
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Table 2  Effects of sintering mode and temperature on
properties of sintered alloys
Sintering  Temperature/ Time/ I;:Illz?tvj o Al
mode C o Y MPa %
%
1460 10 99.04 965 2.15
1480 10 99.24 888 22.61
Microwave
1500 10 98.60 885 23.80
1520 10 98.60 870 22.13
1 460 30 98.35 797 2.03
1480 30 99.02 862 19.69
Conventional
1500 30 99.05 840 19.13
1520 30 98.48 825 16.51
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Fig.2 Effect of duration time on sintered density(a), tensile

strength(b) and elongation(c) of sintered alloys
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Fig.3 SEM images of fracture of samples after 1 460 C(a) and 1 520 “C(c) microwave sintered for 10 min and 1 460 ‘C(b) and

1 520 "C(d) conventional sintered for 30 min
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Fig.4  Microstructural development of microwave
((a)—(e)) and conventional ((a")—(e’)) sintering alloys
with duration time: (a), (a") 0 min; (b), (b") 5 min; (c),
(c¢") 10 min; (d), (d’) 20 min; (e), (e") 30 min
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Fig.5 Change of volume fraction of liquid(a) and contiguity(b)

with duration time
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Fig.6 Curves of W grain growth with duration time(a) and

dynamic curves(b) of grain growth
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