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Effect of Long Term Exposure on Mechanical Properties
and Precipitation Behaviors of Hastelloy X for Gas Turbine Combustor

Yomei Yosuora, Daizo Sarro, Kazunari Fujrvama, Nagatoshi Oxase and Shinichi Nakamura

Synopsis :

Transition pieces of Hastelloy X in gas turbine combustor were suffered significant creep deflection due to material

degradation during the operations. Specimens of Hastelloy X were aged up to 10000h in the temperature range of 750~
900°C. By using these prior-aged specimens, metallurgical observations and short term creep tests at 850°C under the
stresses of 78.5 and 49 MPa were carried out to evaluate the degree of degradation, and precipitation behaviors were
quantitatively analyzed by using the image analyzer. The density of precipitates, the grain boundary coverage ratio,
and volume fraction of precipitates unexpectedly become larger with increasing the aging time. Increases of tensile
strength, 0.29% proof stress, and hardness at room temperature were interpreted by the increase in the density of
precipitates. But the precipitates, which commonly exert as strengtheners, exerted inversely to the creep resistance.
This phenomenon was figured out due to the precipitation of Mo-rich g-phase in the grains, which reduced the Mo
concentration in the matrix and reduced the solid-solution strengthening effect.
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Table 1. Chemical composition of Hastelloy X stud-
ied (mass%).
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. 1. Mechanical properties at room temperature
of Hastelloy X aged at 750-900°C for 1000-
10000h.
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Fig. 2. Creep parameters tested at 850°C under the
stresses of 78.5 and 49MPa in Hastelloy X
aged at 750-900°C for 1000-10000h.
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Fig. 3. Optical micrographs of Hastelloy X (a)as-
solution-treated and prior-aged at 850°C for
(0)1000, (c)3000, (d)10000 h, furthermore prior
~aged for 10000 h at (e)750, (£)800, (g)850 and
(h)900°C.
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Fig. 4. Grain boundary coverage ratio, number of
precipitates and area fraction of precipitates
in Hastelloy X aged at 750-900°C for 1000-
10000 h, accompanied with the mass percent
of the extracted residues.
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Table 2. X-ray diffraction test results of extracted

residues of Hastelloy X aged at 750-900C
for 1000-10000h.
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Fig. 5. Chemical compositions of extracted residues
of Hastelloy X aged at 750-900°C for 1000-
10000 h.
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Fig. 6. Transmission electron micrographs and dif-
fraction patterns of precipitates in Hastelloy
X as-solution-treated and prior-aged at 850
°C for 10*h.

Table 3. EDX analysis on precipitates and matrix
of Hastelloy X as-solution-treated and
aged at 850°C for 10000h.
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Fig. 7. Changes in the hardness, the tensile strength
and the 0.2% proof stress in Hastelloy X.

Table 4. Material constants of the formula of hard-
ness, tensile strength and 0.2% proof

stress.
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Fig. 8. Relationship between the minimum creep
rate at 850°C under the stresses of (a)78.5MPa
and (b)49MPa and the precipitates of Hastel-
loy X prior-aged at 750-900°C for 1000-10000
h.
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Fig. 9. Arrhenius plot of creep rate coefficient A at
850°C under the stresses of 78.5 and 49MPa
of the Hastelloy X prior-aged at 750-900°C
for 1000-10000 h.
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Table 5. Material constants of the minimum creep
rate formula.

Test Vo & o A, Qo
conditions (h™Y) (kJ/mol/K)
850°C .
X 15

/78.5 MPa 0.000306 0.00278 2.19X10 292
850°C 0.000306 0.000161 6.50Xx10* 278
/49 MPa
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Fig. 10. Correlation between the calculated mini-
mum creep rate and measured one at 850°C
under the stresses of (a)78.5 and (b)49MPa
of Hastelloy X aged at 750-900°C.
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Fig. 11. Transmission electron micrograph of Has-
telloy X creep-tested for 15 h at 850°C and
78.5 MPa (Rupture life : 40 h).
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