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Collective Evaluation of Temperature and Stress Dependence of
Creep Rupture Life in Austenitic Stainless Steels
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Temperature and stress dependence of creep rupture life was examined on 24 heats of type 304, 316, 321 and 347
stainless steels. Collective evaluation of the results indicated the existence of three regions, H, M and L, with different
activation energy, &), and stress exponent, #, for rupture life : region H at a shorter rupture life, region L at a longer
rupture life, and region M in between the two regions. The values of @ and #» decrease with increasing rupture life
as expected from creep fracture theories, suggesting that a longer rupture life than the actual value would be predicted
erroneously if it is estimated from the short term data taking the high values of @.

Transgranular and intergranular fracture take place respectively in the regions H and M, and the fracture process in
the two regions is controlled by creep deformation. The intergranular fracture in the region L starts from cavities

nucleated at sigma-phase/matrix interfaces, and this fracture process is controlled by grain boundary diffusion. The

changes in ¢ and » coincide fairly well with the changes in creep mechanism. This fact points out that the changes
in @ and # are inherent to the austenitic stainless steels and the same thing will happen in any materials similar to the
four types of stainless steels.

austenitic stainless steel ; creep rupture life ; temperature and stress dependence ; fracture mechanism ; evaluation of
long term properties.
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Table 1. Activation energy, @, and stress exponent,
n, for rupture life in the three regions, H,
M and L of each material.

H M L
QlkJ/mol]l = QkJ/moll = QlkJ/moll =

SUS304
ABA 407£21 11.0£0.6 | 360£18 6.2+£0.4 | 2076 2.0X=0.1
ABC 3901 9.840.0|381+6 82x0.1203%x19 2.7+0.3
ABD 377+9 8.63+0.2
ABE 365+8 7.5+01|243£7 3.0x02
ABL 512467 10.3+0.8 | 372+19 7.2+0.2 | 22218 2.8+0.3
ABM 454+39 10.120.6 | 353417 6.7£0.2 | 242134 3.0+t0.4
ABN 530437 12.1+0.1 | 385+20 55+0.4 | (144)  (1.9)
SUS316
AAA 3944 10.1£0.7 | 3694 5.7=0.1
AAB 423133 9.4%0.9373x5 6.1+0.2
AAC 452419 12.24£0.5 | 375120 3.9+1.0
AAD (384) 9.7£0.2 | 384£12 6502 | 2606 2.3+0.1
AAE 357+12 7.4+02 | 244%19 2.8+04
AAF 441+4 9.7%0.11389%9 58+0.2)283+5 2.1%0.1
AAL 438+3  9.0%+0.1 | 396%11 6.0+0.6

AAM 463+18 11.5£0.5 | 39311 5104

AAN 463113 9.8+£0.3]393+£5 53+0.2

SUS321

ACA (357) (7.7 331£10 5.2+0.2

ACG 301£13 55%0.2 | 26417 3.840.3
ACH 301%15 5.940.3 | 26913 4.0+0.2

ACL (472) (146 299412 58+0.2 | 228424 4.2%0.5
ACM 30010 13.6+0.4 | 3046 58=+0.1|261+23 4.3%0.5
SUS347
AEA 372+32 10.3£1.1 | 39315 4.8+0.3

AED (355)  11.8+3.1 | 30610 5.2+£0.1 | 1887 3.7£0.1
AEE (336) 12.6+3.3 | 2979 52+01(191+9 3.9=+0.1

The values of @ and # in parenthesis are not accurate because of
the insufficient number of data.
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Fig. 1. (a) Stress dependence of rupture life of type
304 steel (Heat ABA) together with its frac-
ture mechanism map, and (b) temperature
dependence of rupture life.
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Fig. 2. (a) Stress dependence of rupture life of type
316 steel (Heat AAF) together with its frac-
ture mechanism map, and (b) temperature
dependence of rupture life.
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Fig. 3. (a) Stress dependence of rupture life of type
321 steel (Heat ACM) together with its frac-
ture mechanism map, and (b) temperature
dependence of rupture life.
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Table 2. Summary of activation energy, @, and
stress exponent, #, in the three regions of
each type of austenitic stainless steels.

I

H M L
SUS304 Q> 400k]/mol Q=350~380k]/mol | @=200~240k]/mol
n=10~12 n=6~8 n<3
SUS316 Q=390~460k]/mol | Q=360~390k]/mol | @=240~280k]/mol
n=9~12 n=5~1 n<3
SUS321 Q=300~350k]/mol | @=300k]/mol Q=230~260k]/mol
n>10 n=5~6 n=4
SUS347 Q=340~370k]J/mol | @=300k]/mol Q=200k]/mol
n=10~12 n=5 n=4
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