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Abstract The present study is concerned with the effect of PM process variables on the microstructure by
using atomized superalloy powders. It is suggested that the inhomogeneity of composition is strongly de-
pendent on the process variables. The contents of segregation elements of plasma rotating electrode process
(PREP) powders are larger than those of Ar atomization (AA) powders. As HIP treatment temperature in-
increases, the secondary phases on the prior particle boundaries (PPB) have continuous, uniform distribution
and high density, but the amount of PPB decreases suddenly at 11507C. Segregated phases on the PPB are
identified to be MC type carbide. Brittle MC type carbides on the PPB provide fracture initiation sites and pref-
erred fracture path, thereby leading to intergranular type brittle fracture.
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Table 1. Chemical composition of R-95 alloy powders (wt. %)

Element, wt%

Ni Cr Co Mo w Nb

ppm (by weight)
Ti Al Fe Zr B C 0

AA bal. 13.06  9.29 423 4.04 4.13
PREP | bal 13.63  9.01 3.69 3.64 3.54

3.28 3.07 3.00 0.11 1 670 260
2.89 3.05 3.31 0.01 2 650 240
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Fig. 1. Size and size distribution of (a) AA powders and (b) PREP powders.
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Fig. 2. SEM micrographs showing morphology of (a) AA powders and (b) PREP powders.
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Fig. 3. SEM micrographs showing dendritic structure in (a) AA powder and (b) PREP powder.
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Fig. 4. EPMA analysis of (a) AA powder and (b) PREP powder.
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Fig. 5. Auger electron spectra of (a) AA powder and (b) PREP powder. Composition-depth profiles of (c) AA powder

and (d) PREP powder.

Table 2. Chemical composition of subsurface layers (at. %)

Atomic ratio Cr/Ni Ti/Ni C/Ni O/Ni
At surface AA 0.0958 0.0753 1.4353 0.5485
PREP 0.1459 0.1911 1.2022 0.7304
After ramoval AA 0.2485 0.0969 0.4060 0.0424
PREP 0.3249 0.0764 0.4261 0.0631
In bulk material AA 0.2643 0.0721 5.87x10°* 1.71x 10°®
PREP 0.2693 0.0619 1.56 x 10* 1.54x 10°
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Fig. 6. SEM micrographs of HIPed AA alloy (a) and (b) 1050°C, (c) and (d): 1100°C, (e) and (f): 1150°C (Arrow in-
dicates particle in powder similar to that in PPB).
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Fig. 7. SEM micrographs of HI
indicates particle in powder similar to that in PPB).
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Fig. 9. TEM micrographs showing morphology of Y' phase in HIPed AA alloy at (a) 1050°C, (b) 1100°C, and (c)
1150°C respectively.

Fig. 10. TEM micrographs showing morphology of ¥' phase in HIPed PREP alloy at (a) 1050°C, (b) 1100°C, and (c)

1150°C respectively.
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Fig. 11. SEM fractographs of HIPed alloys a

4
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(AES in-situ test): (a) AA alloy and (b) PREP alloy.

Table 3. Chemical composition of AES in-situ fracture

surfaces (at. %)

161

b atomic ratio point a point b
Cr/Ni 0.3461 0.2817
Ti/Ni 0.0558 0.1380
O/Ni 0.0494 0.1871
C/Ni 0.1260 0.2641

Alloy | Consolidation | Cr/Ni  Ti/Ni O/Ni C/Ni

type | temperature

AA 1050C 0.3431 0.0536 0.0320 0.1412
1100TC 0.3425 0.2599 0.0709 0.4567
1150t 0.2782 0.088 0.0652 0.1420

PREP 1050C 0.3461 0.0558 0.0494 0.1260
1100°C 0.3354 0.0719 0.0598 0.1378
1150 0.2711 0.0904 0.0663 0.2107
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Fig. 12. (a) Scanning Auger multi-probe fractograph
on the fracture surface of HIPed PREP alloy at 1050°C
(Arrows indicate PPBs at face meeting two powders and
at triple point, respectively), (b) Atomic ratio of point a
and b, and (c) Auger spectra of point a and b, respectively.
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