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Reduction and Spark Plasma Sintering of the W(Tungsten) Nanopowder
Produced by the Electric Explosion of Wire Process
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Abstract p-W(W,0) oxide layer on the surface of each W(tungsten) nanopowder proauced by the electric explo-
sion of wire(EEW) process were formed during the 1 vol.% air passivation process. The oxide layer hindered sintering
densification of compacts during SPS process. The oxide phase was reduced to the pure W phase during SPS. The W
nanopowder's compacts treated by the hydrogen reduction showed high sintered density of 94.5%. after SPS process at

1900°C.
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Table 1. SPS Conditions of EEW and Reduced EEW W nanopowders

Specimens SPS Conditions Remarks

As-EEW Heating up to 1900°C — Pressing EEW
Heating up to 1900°C — Pressing R-EEW

As-reduced Heating up to 1200°C — Holding for 5 min.— Heating up to 1900°C— R-EEW-1S

Pressing
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Table 2. Average Size and Size Distribution of the EEW
W nanopowders analyzed by LPSA

Average Size Volume Fraction (%)

Specimens
P (dys (nm)) <100 nm 100-200 nm >200 nm
EEW 124 344 452 204
2 EAsid.

Fig. 2(a)= A2 g2ml Ve Bds TEMSE 3
A% AREAM A F8el| ke Boke] FEe]
4 $AEYeS HelFoh BEW HRA B2l gfo]
o= Ao Hamelrl Fl=d Ashide) o3 4
ps o] w9 ZE AR S)kell 10%-10°Ke] 22 &
52 7ldEe] 7|3lEe] 2] Jei2 A ellA EAE
B F A R Ar ke FEIA wi2A §5
ol vldl YAE AP Eet. old AAWAIE A
23137 $J8le) TR AR 35T,

Fig. 2(2)2] 2lAl TEM Z3ellXe W ix}e] o]
49 nm9) 9k o] wjTEF FHoE ORI YUSE
BolEd), o] W3 11 39 XRD ¥4 A% p-
W(W,0)8] AR AREA AdlM #1T = 3l
o} AREE A s 15k BaEl vhedahs £4
E9)71ell M BHIA7) A} AlslEe] A} Al A
< Fig. 2b)] TEMARIF Fig 35 538 Eld 4
et 850°CAIMS AL AXHEAM 23 7

Fig 1. FE-SEM Micrographs of the EEW W nanopowder.
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Fig. 2. TEM micrographs of (a) the EEW W nanopowder and (b) the R-EEW W nanopowder reduced under H, atmosphere at
850°C for 1 h.
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Fig. 3. XRD results of the EEW and R-EEW W nanopowders.
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Fig 4. SPS shrinkages and changes of the vacuum degree of
(a) the EEW W powders, (b) the R-EEW W powders reduced
at 700°C and (c) the R-EEW W powders reduced at 850°C.
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Fig. 5. FE-SEM fractographs of the SPS specimens made of different W nanopowders(left: low magnification, right: high mag-
nification); (a) EEW nanopowder, (b) R-EEW nanopwder reduced at 700°C for 1h, and (¢) R-EEW nanopowder reduced at
850°C for 1h.
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Fig. 6. XRD results of the SPS specimens made of the dif-
ferent W nanopowders; (a) EEW powder, (b) R-EEW pow-
der reduced at 700°C for 1h, and (¢) R-EEW powder reduced
at 850°C for 1h.
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Table 3. EDS results of the SPS specimens (at%)
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Fig. 7. Relative Sintering density of the SPS specimens.
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