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Effect of the Ni Content and W Grain Size on the High Temperature Com-
pressive Properties of W-Ni Activated Sintered Parts
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Abstract High temperature deformation behavior of activated sintered W powder compacts was investigated.
The compression tests were carried out in the temperature range between 900 and 1100°C at the strain rate of 107%™
The sintered specimens of Ni-doped submicron W powder compacts showed decrease in W grain size with
increasing the Ni content. As the result, the flow stress was significantly increased with increasing the Ni content.
‘We obtained Ni-activated sintered W compacts with the relative density of 94 £ 1% and the average grain size of
less than Sum. A moderate true strain up to 0.60 was obtained without fracture even at 1100°C with the strain rate
of 107s! for the activated W compact despite adding the 1.0wt%Ni to submicron W powder.
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Table 1. Quantitative data of compressive true stress-strain
curve after tested at 1100°C with a strain rate of 1035,

. Sintered Mean  Maximum Strain to
Ni content . . .
(Wt%) Density  Grain size  stress  maximum
? (%) (nm) (MPa)  stress
0.06 96.4 25.1 1554 0.048
0.10 96.5 11.5 358.6 0.238
0.40 96.9 7.6 416.8 0.138
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Fig. 1. Optical micrographs for (a) W-0.06wt%Ni (b) W-
0.1wt%Ni (¢) W-0.4wt%Ni specimens heating up to
1400°C with a heating rate of 3°C/min in H, atm.
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Fig. 2. Compressive true stress-strain curves for Ni-doped
W specimens with various Ni contents and grain sizes after
testing at 1100°C with strain rate of 107%7.
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Fig. 3. SEM meorphologies of (a) W-0.06wt%Ni (b) W-
0.1wt%Ni (c) W-0.4wt%Ni sintered specimens after com-
pression test.
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Table 2. Dependence of the thickness of Ni-rich layer on
the amount of Ni-activator added to W as well as on the
W grain size'.

Amount of Ni Tungsten grain size(A)

(wt%) fum  Spm  10um  30um  50um
0.05 3.6 18 36 108 180
0.10 7.2 36 72 216 360
0.40 29 145 290 860 1450
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Fig. 4. Relative density calculated from the linear shrink-
age data for W(0.6um) powder compacts with different Ni
contents.
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Table 3. Density of Ni doped W compacts sintered at the temperature determined by dilatometry.
Ni content dli)lzr:g:]};tggm Temperature Density measured from Porosity l\g/lr::: Thickness of
(wt%) data(%T.D.) (°C) sintered specimen{%T.D.) (%) size(um) Ni-rich layer (A)
0.06 90 1245 94.37 5.63 4.3 18.6
0.40 90 1133 93.51 6.49 1.2 348
1.00 90 1112 93.21 6.79 1.3 83.6
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Fig. 5. SEM morphologies of (a) W-0.06wt%Ni (b) W-
0.4wt%Ni (¢) W-1.0wt%Ni specimens which were sintered
according to the result of dilatometric analysis.
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Fig. 6. Compressive true stress-strain curves for Ni-doped
W specimens tested with the strain rate of 107 : the test-
ing temperature of (a) 900°C and (b) 1100°C.
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microstructure of compressed specimen at the constant
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Table 4. Density and Rockwell hardness for Ni doped W compacts after compressive test with a strain rate of 107",

Ni content Amount of Compressive Density after Rockwell hardness
(wt%) deformation(%) test temperature(°C) deformation(%) number(HRA)
0.06 50 900 97.50 71.6%04
0.06 50 1100 96.78 70.8%0.7
0.40 50 900 96.64 65.3£09
0.40 50 1100 95.99 62.609
1.00 50 900 95.89 70.1+£04
1.00 50 1100 93.57 59.0+04
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