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Preform Conditions for Powder-consolidated Nickel—bas_e
Superalloy Mod. IN-100 Aimed at Grain Reﬁnement

Yasunori TORISAKA, Yoshinori NAKAZAWA and Matsuo MIYAGAWA

" Synopsis :

Superplastic isothermal forging process called Gatorizing has been developed for manufacturing of tur-

bine discs of nickel-base superalloy IN-100.

A key point of this technology is a preform processing aimed at grain refinement for superplasticity but

no details have been made public.

Therefore, powder—consolidated Mod. IN-100 samples made by a hot isostatic pressing were extruded

at various reductions and temperatures.

The optimum conditions required to obtain the fine grained sound sample and the recrystallization
behaviour during extrusion and subsequent annealing were investigated.

It was shown from results that (1) the reduction should exceed about 709, and (2) the temperature
range should be 1353-1393 K, strictly speaking ,1 393 K was most desirable.

Furthermore, it was discussed whether a tensile strength and an elongation at 1 033 K of greater than
1 568 MPa and 209, which were aimed at by “the R &D Project of Basic Technology for Future Indus-
tries” sponsered by Agency of Industrial Science and Technology ,MITI, were possible or not to be ac-
hieved by a optimum work processing, for a traditional alloy.
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Table 1. Chemical composition of Mod. IN-100 atomized powder (wt%).

Material C Si Mn PP

S Cu Ni Cr Mo Co Ti Al

Mod. IN-100 P/M 0. 063 <0.05 <0. 008 <0. 005 <0. 003 <0. 002 Bal. 12. 43 3.40 18, 36 4.27 4.84

Material Nb | Hf| Zr B w Fe v Cd+Ta Pb Bi (o] N
Mod. IN-100 P/M — — | 0.053]| 0.023| 0.03 | 0.088| 0.650 | <0.02 <0.1 (ppm) <0.2 (ppm) 103 (ppm) 23 (ppm)
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Fig. 1. Leak test of capsule and canning of
Mod. IN-100 atmized powder.
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Fig. 2. Preform processing diagram.
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welding

Size before
extrusi

Re(,) | 863 [ 791 [ 692 | 603 | 476 [ 476 | 469 [ 800 | 800

dimm) | 615 | 497 | 407 | 353 | 316 | 316 | 316 | 497 | 497
I(mm) | 605 | 905 {1405 [1805 |1105 1105 |1105 | 905 | 905
Temp.(K) | 1323 | 1273 {1373 [1273 [1223 |1373 (1123 | 1373 | 1423
Dieginm)| 248 | 306 | 372 | 422 | 485 | 485 | 488 | 300 | 300
R) (%) | 88 82 72 51 7 35 4 82 82
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L ious conditions.

Fig. 4. The sample extruded in unsuitable
conditions.
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Fig. 5. The optimum conditions of extrusion
required to obtain fine-grained sound sample.
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Fig. 6. Vickers hardness distribution of sample
829,-extruded at 1273 K.
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Fig. 8. Optimum condition of extrusion for
superplastic working.

Photo. 1. Optical microstructures
of extruded and subsequently an-
nealed samples showing finishing
of recrystallization.
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Fig. 9. Effect of strain rate on the total
elongation.
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Fig. 10. The temperature dependence of ultimate
tensile strength.
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Fig. 11. The temperature dependence of total
elongation.
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Fig. 12. Effect of hardness on hump temperature
and ultimate tensile strength.

EEEMEENN E
‘ E
E

2000

As rolled, 80% | N

—1123K RN
TT T 1T NN
As extruded, 82°—1373K|

o0 1] Sk %WWM

NN
T \;}“_l\

L __..—— Hump temperature

Ultimate tensile strength ,0s /MPa

As HIP
NN

IL SN

1000
873 923 973 1023 1073
Testing temperature , T/K

Fig. 13. Semischematic temperature dependence
of ultimate tensile strength.
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Fig. 14. Mechanical properties of various nickel-
base superalloys at 1033 K.
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