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ABSTRACT The effect of Mn on the densification and the microstructural change in W heavy alloy was
investigated with adopting the improved Mn-adding method. In order to avoid the pore formation problems as-
sociated with Mn powder mixing to the other constituent powders, Mn was added afterwards to the sintered
heavy alloy; Mn powder was spread homogeneously on the surface of the sintered heavy alloy compact, and
this Mn powder contained specimen was resintered at the same sintering temperature. As expected, the resint-
ered specimen showed the pore free microstructure because Mn was reduced separately from the other con-
stituent elements. It was also founded that W grains grew rapidly at the initial stage of resintering treatment
due to the activated reprecipitation of the excess W atoms substituted by Mn atoms, but the growth rate of W
grains was slowly lowered with the prolonged sintering time, especially, compared to the Mn free heavy alloy.
Such a retardation of grain growth should be attributed to the decreased W solubility in the Mn contented ma-
trix phase. Furthermore, Mn addition resulted in the decrease of contiguity by improving the wetting between

matrix phase and W grain.
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Table 1. The characteristics of W, Ni and Fe elemental
powders used in this study

Vapor pressure(torr)  Melting Boiling
at 1485C point (K)  point (K)
W 6.8> 10" 3682 5773
Ni 1.2x10° 1726 3003

Fe 8.0x10° 1808 3273
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Fig. 1. Scanning electron micrographs of 93W-5.6Ni-1.4Fe-1Mn heavy alloys resintered at 1485 °C under H, for various

sintering time; a) 30 min, b) 240 min and ¢) 1920 min.
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Fig. 2. log[P, /Py ] versus temperature plot for the
oxidation/reduction reactions of alloying elements of W,
Ni, Fe and Mn.
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Fig. 3. Scanning electron micrographs of matrix in 93W
-5.6Ni-1.4Fe heavy alloys with Mn resintered at 1485 °C
under H, for 60 min. and EDS profiles of matrix; with
a) no Mn, b) added Mn, and EDS profile of bright re-
gion ¢) and dark region d).
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Fig. 4. Scanmng electron micrographs of 93W-5.6Ni-1.4
Fe heavy alloys with Mn resintered at 1485°C under H;;
a) No Mn, 120 min, b) 1% Mn, 120 min, ¢) No Mn, 960
min, and d) 1% Mn, 960 min.
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Fig. 5. The grain size versus sintering time for 93W.5.6
Ni-1.4Fe heavy alloys sintered at 1485 °C under H, with
Mn and without Mn.
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Table 2. The physical properties of matrix phase in
93W-5.6Ni-1.4Fe heavy alloys resintered for 240 min
at 1485 -C under H,

Matrix composition (wt.%) Density Volume
W N Fe Mn @®m) (%)

Owt.% Mn 291 575 134 - 10.3 17.0
1wt% Mn 183 583 144 9.0 9.3 18.0
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Fig. 6. The grain size versus sintering time for 95W
and 97W heavy alloys with Ni/Fe ratio of 8/2 sintered
at 1485 °C under H, with Mn and without Mn.
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