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Evaluation of Creep-damaged Microstructure in Austenitic Stainless Steels by Surface Observations
‘ Hideo Tanaka, Fujio Ase, Koichi Yaciand Toshio Sucrta

Synopsis :

The method of surface observation for creep voids was discussed for SUS304H, 316H and 321H austenitic stainless

steels, comparing with cross sectional observation. The creep tests were carried out up to about 60000h at 600-750°C.
After machining, the surface of the specimen was polished and etched, then the microstructures of the specimen
surface were metallographically observed by optical microscope as a function of depth from the surface and compared
with those of vertical section (stress direction of specimen). The precipitation free zone of ¢ phase was observed
beneath the specimen surface and its depth was about 60um after about 20000h at 700°C. The observation of & phase
precipitates along grain boundaries is important to the evaluation of creep damage for austenitic stainless steels, because
o phase has roles to accelerate the nucleation and growth of creep voids. The polishing of specimen surface up to
70 um in depth lead the same microstructure as that at the vertical section of the center part of specimen. For
SUS321H steel, the surface cracks were formed at the grain boundaries of specimen surface and propagated into the
inner part of specimen. The length of the surface cracks observed after polishing the surface layer was about twice

of that observed at vertical section.
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Table 1. Chemical composition of three kinds of austenitic stainless steels.

Materials C Si Mn P S

Ni

Cr Mo Cu Ti Al N

SUS304H

0.07 0.48 1.59 0.020 0.012 10.7 186 0.47 0.17 0.04 0.047 0.032

SUS316H

0.07 0.63 1.73 0.029 0.024 13.2 17.1 2.34 0.13 0.05 0.095 0.028

Sus3ziit

0.07 0.51 1.68 0.025 0.014 12.4 17.5 0.02 0.04 0.54 0.161 0.011
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Table 2. Conditions of creep test for three kinds of
austenitic stainless steels.

Materials|Temperature|Stress| Time Life consumption

C) (MPa) (h) rate, t/tr

SUS304H 650 177 175.5 Ruptured

SUS316H 600 177 16211. 6 Ruptured

650 98 18524. 4 Ruptured
700 37 17112.0 0.9

750 20 19419. 6 Ruptured

650 53 59828. 4 Ruptured
SUS321H 650 177 262.5 0.7
351.8 0.9

388. 1 Ruptured

(a) Surface Observed

(b) Vertical section

e

(c) Cross section Observed

Fig. 1. Observed positions of crept specimens.
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Fig. 2. Microstructures of vertical and cross sec-
tions of SUS304H steel specimen crept for
175.5h at 650°C and 177MPa.
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Fig. 3. Microstructure of vertical section of
SUS316H steel specimen crept for 17112.0h
at 700°C and 37MPa.
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Fig. 4. Microstructures of the surface polished
about 70um and the inside of vertical section
of SUS316H steel specimen crept for 17112.0h
at 700°C and 37MPa.
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Fig. 5. Number and area fraction of ¢ phase on the
surface and vertical section of SUS316H
steel specimen crept for 17112.0h at 700°C
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Fig. 9. Cracks observed on the surface and vertical
section of SUS321H steel specimen crept for
351.8h at 650°C and 177MPa.
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Fig. 11. Change in mean length and number of sur-
face crack with depth from the surface of
SUS321H steel specimen crept for 351.8h at
650°C and 177MPa.
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Fig. 12. Meam length of surface crack measured on
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351.8 and 388.1h at 650°C and 177MPa.
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