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Effect of Microstructure on Creep Resistance of Hastelloy X

Yomei Yosuioka, Daizo Sarro, Kazunari Funivama and Nagatoshi Oxase

Synopsis : Transition pieces of Hastelloy X in gas turbine combustion are suffered from significant creep deflection with material

degradation during the operations. The main purpose of this study is to clarify the effect of microstructural changes
on minimum creep rate and rupture life, and is also to develop the creep life prediction method from microstructural
observation and the component’s operating history.

Specimens of Hastelloy X were aged for up to 10*h in the temperature range of 750°-900°C. By using these prior-
aged specimens, metallurgical observations and short term mechanical tests were carried out to evaluate the precipita-
tion behaviors and the degree of degradation. The accomplishments of this study were as follows;

(1) The amount of intergranular and intragranular precipitates increases during the aging under the temperature of 750°
-900°C. The former one contributes to strengthening the creep resistance and the latter one contributes to weakening
it.

(2) Minimum creep rate( ém) was explained as functions of volume fraction of precipitates at the as-solutioned (V,) and
aged (V) conditions, area fraction of intergranular precipitates (p), applied stress(o), aging temperature(7y), test

temperature (7, and activation energy of aging(Q,) and creep (&). The equation was as followed.

£ m— [B?;‘ +A;‘(l 4/’)( V- Vo)zeXP(_ Qa/kTa):[ U'neXD(“ Qc/kT)

(3) Creep rupture life was also explained from the minimum creep rate by using the Monkman-Grant equation for the

aged material of Hastelloy X.
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Table 1. Chemical composition of Hastelloy X
investigated. (mass%)

Co W Mn Si S P Ni
0.4 <0.1 0.01 Bal

C Cr
0.06 22.3 89

Mo Fe
174 10 06 0.7
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Fig. 1. Creep properties tested at 850°C under the
stresses of 78.5, 49, 29.4MPa in Hastelloy X
aged at 750°-900°C for 10%-10*h.
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Fig. 2. Creep properties tested at 830°-900°C under
the stresses of 78.5 and 49MPa.
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Fig. 3. Optical micrographs of Hastelloy X (a)as-solution-treated and prior-aged at 850°C for (b)1000, (c)3000,
(d)10000h, furthermore prior -aged for 10000h at (e)750°, (£)800° (2)850°, (h) 900°C.



Table 2. X-ray diffraction test results of extract-
ed residue of Hastelloy X aged at 750°-
900°C for 1000-10000h.

As 10°h 3X10%h 6x10°h 10*h
MpLCH+++ | M,,C+++
750°C w + r + — —
(M55Cs)
M,,C+++ |M;,C+++ [M.C+ ++ |[M,C+++
800°CMCH+++| » + u ++ lw FH+ | u A+
(MZSCB) (MZSCS) MZSCG M23C6
M,,C++ M,,C+ M.C+
850°C g +++ | +++ —_ xw +++
(M,;5Cs) (M35Ce) MzsCe
900°C MC+++ [ MC+++ | M;C+++ | MC+ ++
u +t++|p A+ | e HEF
+ + + -+ : Very strong intensity
+++ ! Strong intensity
+ + : Middle intensity

+ : Weak intensity
(+) : Very weak intensity
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Fig. 4. Chemical compositions of extracted resi-
dues of Hastelloy X aged at 750°-900°C for
1000-10000h.
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Fig. 5. Image analysis results of Hastelloy X aged
at 750°-900°C up to 10*h.
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