2234 % & & 75 4 (1989) 125

© 1989 1IS1J
J11111111111111117

[T
B X
J11011111710010101001

304, 316 ZAT v L ASD 7 ) — THER{H O &
Wk TR o B4R

R - RBHET MR BT BH T

Relationship between Creep Rupture Elongation and Time-to-Rupture in
Type 304 and 316 Stainless Steels ‘

Takanori NAKAZAWA, Hideo ABO, Hazime KOMATSU and Mitsuru TANINO

Synopsis :

Creep rupture elongation of type 304 and 316 austenitic stainless steels has been investigated at 550°C
and 600°C. Rupture elongation of conventional 304 (SUS 304) steels decreases with increasing
time-to-rupture (TR) and their rupture elongation decreases to about 10% after 5 X 10* h at 600°C.
Although conventional 316 (SUS 316) steels show slight decrease in rupture elongation with increasing TR
in a relatively short-TR region, their elongation recovers with TR in a long-TR region. It has been con-
cluded that such differences between SUS 304 and SUS 316 steels are related to the difference in phase
stability. In SUS 304 steels, G phase and aphase precipitate on grain boundaries during creep resulting in
decreased elongation. On the contrary, in SUS 316 steels, the amount of G phase on grain boundaries is
smaller than that of SUS 304 and aphase does not precipitate. In order to increase rupture elongation,
low carbon (0.01%) and medium nitrogen (0.07 %) steels have been developed (304 MN, 316 MN). Although
there is little improvement in rupture strength and elongation between SUS 304 and 304 MN, 316 MN has
higher rupture strength and elongation than those of SUS 316. 1In the case of type 304, phase instability,
which is the main cause of elongation loss at a long-TR region, can not be improved by such modification of
compositions. Reducing carbon content and increasing nitrogen in type 316 suppress precipitation of car-

bides, which is the main cause of loss in strength and elongation during creep.
Key words : austenitic stainless steel ; creep; phase stability ; carbon ; nitrogen ; fast breeder reactor.
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Table 1. Chemical composition (mass % ).
Materials C Si Mn P S Ni Cr Mo N {(mm)*
SUS304 0.05-0.06 0.61-0.71 1.01-1.15 0.026-0.032 0.002-0.004 8.8-9.4 18.3-19.0 — 0.02-0.04 25-100
304MN 0.02 0.60 0.84 0.027 0.006 8.8 18.5 — 0.08 25
SUS316 0.05-0.06  0.47-0.78  0.85-1.15 0.024-0.029 0.002-0.006 12.0-12.4  16.1-16.8 2.2 0.02 42-100
316 MN 0.01 0.47 0.83 0.026 0.005 11.0 16.5 2.1 0.07 25
* Plate thickness
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a:550°C, tr=1350h b:550°C, tr=26731h
¢:600°C, tr="591h  d:600°C, tr="53351h

Photo. 1. Transmission electron
micrographs of creep ruptured
M. specimens of SUS304.
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Fig. 2. Relationship between stress and time to
rupture of SUS304 and 304MN (Present study).
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Photo. 3. Transmission electron
micrographs of creep ruptured
specimens of SUS316.
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Fig. 4. Relationship between stress and time to
rupture of SUS316 and 316MN (Present study).
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Photo. 4. Transmission electron

micrographs of creep ruptured
specimens of 304MN.
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Photo. 5. Transmission
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Photo. 6. Transmission electron micrograph of
thin foil made by ion thinning (SUS304 : 550° C
ir=26731h).
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Photo. 7. Transmission electron micrograph of
thin foil made by ion thmnmg (SUS304 : 600°C,
tr=153351h).
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