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Creep Fracture Mechanism Maps Based on Creep Rupture Tests up to
about 100000 h for Type 316 Stainless Steel

Norio SHINYA, Hideo TANAKA, Masaharu MURATA,

Synopsis :

Masatsugu KAISE and Shin YoxoI1

Specimens of Type 316 stainless steel with rupture periods up to about 100 000h have been examined
metallographically in order to clarify creep fracture mechanisms and effects of microstructure on the mech-

anisms.
Main results obtained are as follows.

(1) Creep fracture mechanism maps constructed experimentally show the fields of dominance of each
fracture mechanism : transgranular creep fracture, wedge-type cracking at triple point, intergranular

cavitation, and cracking at interface between intermetallic phases and austenite matrix.

The maps also

indicate that this steel in power plants is used within the field of the cracking due to the intermetallic phases

of sigma and chi.

(2) The creep fracture mechanisms are subject to the influence of precipitation behavior at grain bound-
ary: grain boundary M,, Cq promotes the transition from the wedge—type cracking to the intergranular
cavitation, and grain boundary sigma or chi phases lead to the grain boundary cracking.

(3) Higher aluminum content than about 0.03%, leads to the precipitation of AIN associated with the
grain boundary sigma or chi phases, and this AIN is thought to cause early formation of the grain boundary
cracks, resulting in the marked reductions in rupture strength and ductility at longer time.
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Table 1. Chemical composition of Type 316 stainless steel used. (wt2g)
Heat C Si Mn P § Ni C Mo Cu V Co Ti Al Sn B N Pb  Nb+Ta
F 007 047 170 0025 0025 13.3 166 2.38 014 0.02 0.36 0.055 0.095 0,011 0.0020 0.0289 0.0005  0.01
L 007 0.60 160 0.021 0.010 134 164 239 031 002 036 0043 0017 0013 00011 0024 00002 00
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Fig. 2. Reduction of area for Heats F and L.
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Grain boundary cracks and cavities observed in ruptured specimens (Heat F).
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Fig. 3. Creep fracture mechanism maps shown
on stress rupture curves for Heats F and L.
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700°C, 17h  M;;3Cs

700°C, 800h 7 phase

700°C, 32000h ¢ phase

Photo. 2. Microstructural change in grain interior due to isothermal heating (Heat F).
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a) 700°C, 31800h b) 800°C, 10000h
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Photo, 4. AIN associated with ¢ or y phases at
grain boundary (Heat F).
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Fig. 4. Time-temperature-grain boundary pre-
cipitation diagrams for Heats F and L.
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Fig. 5. Change in volume fraction of ¢ phase
with rupture time at 700°C.
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Fig. 7. Stress rupture curves and precipitation
of grain boundary AIN for nine heats of Type
316 stainless steel.
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