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Creep Rupture Properties and Creep Fracture Mechanism Maps
for Type 304 Stainless Steel
Norio SHINYA, Junro KYONO, Hideo TANAKA,
Masaharu MURATA, and Skin YOKOI
Synopsis :

Specimens of Type 304 stainless steel ruptured at temperatures between 600° and 800°C and with
rupture periods up to about ten years have been examined metallographically in order to deduce
creep fracture mechanisms and make creep fracture mechanism maps.

The steel has showed four different creep fracture mechanisms: transgranular creep fracture, wedge-
type cracking at triple point, intergranular cavitation, and cracking at sigma/austenite interface. The
rupture strength in the fracture field of the cracking at sigma/austenite interface shows marked decrease
with increasing time to rupture. Stress index of time to rupture and apparent activation energy for
rupture in this fracture field are in the ranges of 1.4-2.0 and 160-170k]J/mol, respectively, suggesting
that the rupture life in this field is controlled mainly by means of grain boundary diffusion growth of
the cracks. Metallographic observations indicate that relatively high aluminum content (about 0.05 wt%)
may be responsible for early formation of the grain boundary cracks due to precipitation of AIN as-

sociated with the grain boundary sigma phase.
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Table 1. Chemical composition of Type 304 stainless steel used (wt%).

Heat C Si Mn P S Ni Cr Mo Cu
A 0.07 0.48 1.59 0.020 0.012 10.7 18.6 0.47 0.17
B 0.08 0.56 1.43 0.021 0.010 9.5 19.3 0.04 0.05

A Co Ti Al Sn B N Pb Nb+Ta
A 0.03 0.27 0.040 0.047 0.016 0.0007 0.0317 0.0004 0.01
B 0.04 0.20 0.062 0.014 0.007 0.0018 0.0262 0.0002 <0.01
Table 2. Heat treatment, grain size, and tensile 100,
properties at room temperature. Elongation Heat A
80" ~ o
Heat A B 4 :gggog

Heat treatment 1130°CW.C. 1100°C W.C. 6o~ ® - :32332

Grain size number 5.9 5.1 ¥ 2 4 800°C

Proof stress, a9,z (kgf/mm?) 29 27 40 \A

Tensile strength, o (kgf/mm?) 62 63 A 0\.
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Fig. 1. Stress-rupture curves for heats A and B.
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Fig. 2. Elongation and reduction of area at
rupture (Heat A).
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Fig. 3. Stress vs. minimum creep rate curves.
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Photo. 2. Grain boundary cracks and cavities observed in ruptured specimens (Heat A).
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Photo. 3. Change in precipitates on grain boundary with time to rupture (Heat B).
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Fig. 4. Creep fracture mechanism maps shown
on stress-rupture curves for heats A and B.
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HEELBNS.

4 oMHAEEHC X AWE~BHCBT I, I
COBEOFBC BT A HPREREOE T ELL 285
FRELTRAD o AL THHE LT3 AIN »%
Ez bhit.
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