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Influence of alloying elements on creep rupture strength and aging toughness
in austenitic heat resistant steels
Atsushi SHO, Ken-ichi IKEDA, Satoshi HATA and Hideharu NAKASHIMA

T E-mail of corresponding author: asho@himeji.sanyo-steel.co.jp

Highly strengthened heat-resistant steels for boiler tubing are required to develop for higher efficiency of coal-fired
power plants. Creep rupture test and impact test after long-term thermal aging have been carried out on austenitic steels to
reveal the influence of alloying elements on the properties which are required for boiler materials. Creep rupture strength
at 700 °C for 10° h of a highly-alloyed steel B was estimated to be higher than 100 MPa. However, aging toughness of
the steels studied became lower than 30 J/cm? after aging for 1000 h. It was clarified that precipitation and growth of
M23Cq, Laves and W-rich phases at grain boundaries lower the toughness of the steels. Therefore, optimization of contents
of alloying elements such as C, Cr, Mo and W is needed to suppress the precipitation and growth.
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Chemical compositions of investigated steels (mass%).

Steel C Si Mn P S Ni Cr

Mo Ti \Y% W Nb B N Fe

A 0.05 05 15
B 0.03 05 1.6

0.022 0.003 12.0 20.2
0.002 0.003 244 2338

1.0 0.05 001 25 025 - 0.23 Bal.
1.0 003 023 6.0 024 0.004 021 Bal
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Fig. 1. Relationship between stress and rupture time of
investigated steels at 700°C (a), 750°C (b) and 800°C (c).
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Fig. 2. Larson-Miller plots for steels A (a) and B (b).
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Fig. 3. Toughness at room temperature after aging at 700°C.
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Fig. 4. Typical chemical compositions of precipitates of steel A (a) and steel B (b) aged at 700°C and 800°C.

Fig. 5. TEM micrographs of steel A aged at 700°C for

100 h (a), 1000 h (b) and 10000 h (c).
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Fig. 6. TEM micrographs of steel B aged at 700°C for
10 h (a), 100 h (b) and 1000 h (c).
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Fig. 7. SEM backscattered electron images of steel A aged at 700°
C for 100 h (a) and 3000 h (b).

Fig. 8. SEM backscattered electron images of steel B aged at 700°
C for 100 h (a) and 3000 h (b).
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Fig. 9. SEM micrographs of fracture surfaces and impact
values of steel A aged at 700°C for 10 h (a), 100 h (b) and
1000 h (c).
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Fig. 10 SEM micrographs of fracture surfaces and impact
values of steel B aged at 700°C for 10 h (a), 100 h (b), and
1000 h (c).
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Fig. 11. Relationship between Charpy impact value and length
fraction of precipitates at grain boundary.
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