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ABSTRACT A study on the improvement of the impact energy in 93W heavy alloy with a Ni/Fe ratio of

9/1 has been carried out as a function of heat treatment temperature. The obtained results were compared to
that of the traditional alloy system in which the Ni/Fe ratio is 7/3 or 8/2. With increasing beat treatment tem-
perature from 1150 to 1250T, the impact energy of the alloy with the Ni/Fe ratio of 9/1 is remarkably in-
creased from 42 to 72 J, which is higher than that of traditional alloy, up to 1180C and then saturated. Frac-
ture mode was also changed from britfle W/W boundary failure to W cleavage. The temperature showing the
dramatic shrinkage by dilatometric anaysis of the heavy alloy with Ni/Fe ratio of 9/1 was found to be 1483,
which is higher than that (14607C) of the heavy alloy with Ni/Fe ratio of 7/3. Auger Electron Spectroscopy
showed that the segregation of impurities, such as S, P, and C in W/W grain boundary was considerably de-
creased with increasing heat treatment temperature from 1150 to 11807. From the above results, it was found
that the impurity segregation in W/W grain boundary played an important role on the decrease of impact pro-
-perties, and the heat treatment temperature should be appropriately chosen, as considering the Ni/Fe ratio of

the alloy, in order to get good impact properties.
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Table 1. The characteristics of W, Ni, and Fe elemental
powders used in this study

Powder Vendor Mean particle Impurities (ppm)
size (Um) M, p o,

W KIM 28 25 7 10 200
Ni INCO 25 ot - 80 240

Fe UMC 35 tr - 50 300
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Fig. 1. The ultimate tensile strength of 93W-6.3Ni-0.7Fe
heavy alloy with heat treatment temperature sintered
at 1495°C for 1 h.
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Fig. 2. The elongation of 93W-6,3Ni-0.7Fe heavy alloy
with heat treatment temperature sintered at 1495°C
for 1 h.
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Fig. 3. The impact energy of 93W-6.3Ni-0.7Fe heavy
alloy with heat treatment temperature sintered at 1495°C
for 1h. :
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Fig. 4. Scanning electron micrographs of impacted frac-
ture surfaces in 93W-6.3Ni-0.7Fe heavy alloy heat
treated for 1 h with various temperatures; (a) 25°C, (b)
1150°C, (c) 1180°C and (d) 1250°C.
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Fig. 5. Scanning electron micrographs of impacted
fracture surfaces in 93W-6.3Ni-0.7Fe heavy alloys 5 cy-
cle heat-treated for 1 h with various temperatures; (a)
1150°C and (b) 1180 °C.
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Fig. 6. The Effect of Ca addition on the impact ¢nergy
in the 93W-6.3Ni-0.7Fe heavy alloy heat treated at 1150°C
for 1 h.
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Table 2. The chemical composition measured by AES

of W-W grain boundary of tungsten heavy alloys with

various conditions (atomic %)
W Ni Fe P ) C 0

Non-heat treated 63.8 17.0 6.8 69 09 43 1.2
Heat treated 658 193 76 23 06 29 14

at 11507

Heat treated 654 190 73 20 - 22 41
at 11807

Heat treated 70.1 161 62 19 - 23 34

at 11507 (Ca®)

Ca*: means tungsten heavy alloy added Ca element of
. 100 ppm.
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Fig. 9. The shrinkage behavior of 93W heavy alloy
with Ni/Fe ratio of 7/3(a), 8/2(b) and 9/1(c) during sint-
ering.
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Table 3. The variation of physical properties of ma-
trix phase with Ni/Fe ratio in 93W heavy alloy

Ni/Fe Melting point Optimum sintering W solubility

ratio by dilatometer, temperature in this in mattix
heating rate study (C) (Wt.%)
3C/min. (T)

13 1460 1475, 21.8

8/2 1470 1485 279

9/1 1483 1495 34.7
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