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The}Effect of Thermal Aging on the Low-cycle Fatigue Behavior of
Type 304, and 321 Stainless Steel at Elevated Temperature

Kenji HIRARAWA, Katsuyuki TOKIMASA, and Kazuo TOYAMA

Synopsis:

The effect of thermal aging on the elevated temperature low-cycle fatigue life of 304 and 321
stainless steels was studied using the creep-fatigue analysis by the strain-range partitioning approach.
The depp-Npp and decy~Nep properties were determined based on the results of strain-controlled low-
cycle fatigue tests with a symmetrical and an asymmetrical triangular wave form. The test with a
trapezoidal strain-wave form was also conducted and the effect of hold time was examined. Aging
temperatures of 650 and 700°C and aging times of 1000 and 3000 hours were employed for 321 steel,
and for 304 steel only one condition of 650°C and 1000 hours was examined.

Thermal aging produced beneficial results relative to unaged material in the creep-fatigue pro-
perties depp~Npp and decp=Nep of 321 steel and in the depp-Npp of 304 steel, whereas the decp-Nep
property of 304 steel was not influenced by thermal aging. It is suggested that the precipitation of
the various carbides is responsible for the beneficial effect. On the other hand, the effect of hold time
was more detrimental in aged material than in unaged one and the reduction in fatigue life was

much greater than that predicted by creep effect.
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Table 1 Thermal aging conditions and mechanical properties of aged materials.

Temper- . . . 0.29 Proof |Tensile strength . Reduction of
Material | 3tUre Aging Temp. | Aging time stress Elongation area
T (O O (h) (kef/tm?) | (kef/mm?) 3 (%) ¢ (%)
304 650 650 1 000 — _— —_— E—
650 650 1 000 17.9 32.5 45.6 69.5
650 3 000 18.3 32.5 39.2 66.4
321
700 700 1 000 16.1 26.8 50.6 69.8
- 700 3000 15.4 27.9 46.6 70.8
Table 2. Fully reversed strain-controlled low-cycle fatigue test conditions at
650°C in 304 steel at 650, 700°C in 321 steel.
Material 304 321
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Table 3. Morphologies of precipitates observed after thermal aging.
304 321
Aging
time 650°C 650°C 700°C
(h)
Grain boundary Matrix Grain boundary Matrix Grain boundary Matrix
My;C My,C, e estomeraie)| T M) [T, N | (elobul
1 000 (agglomerate) (oblong) e gglom (globule) (agglomerate) C:‘ fe g(ge:d‘fg)
(net) (rod) (agglomerate) (string) o-phase 32
M?C"l )| Ti (C, N) Ti (C, N)
agglomerate i (G, i .
3 000 TiC (globule) (agg’lomerate) ;I]‘iCC (g(lgggéfg)
(agglomerate) (string) o-phase 82
o-phase
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304 650°Cx 1 000 h
(b) 321 650°Cx1000h
(c) 321 650°Cx3000h
(d) 321 700°Cx 1000 h
(e) 321 700°Cx 3000 h

Photo. 1. Precipitates observed by electron microscope after thermal aging.
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Fig. 1. Variation of stress range in 321 steel
at 700°C (dey=1%).
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2(a). Results of the low-cycle fatigue test
with a symmetrical triangular strain—
wave form (aged 304 steel).
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2(b). Results of the low-cycle fatigue test
with a symmetrical triangular strain-
wave form (aged 321 steel).
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3. The effect of hold time on the low-cycle

fatigue life of aged 304 and 321 steels.
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Fig. 4. Results of the low-cycle fatigue test with

an asymmetrical triangular strain-wave
form (aged 304 steel).
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Fig. Results of the low-cycle fatigue test with

an asymmetrical triangular strain-wave
form (aged 321 steel).
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Photo. 2. Precipitates observed in fatigued aged materials (321 steel).

Table 4. Results of the low-cycle fatigue test with a asymmetrical strain-wave form and
partitioning of inelastic strain ranges de;n into depp and decy.

. T é) . e cin depp decp Fatigue Time to

Material Coy |(/sec)| e ) | B | OB | @ | v |
(Ny) (h)
304 aged 650 4x10-412x10-3 1.0 0.73 0.63 0.10 660 5.5
650°C x 1000 h 4x10-5|2x10-3 1.0 0.76 0.48 0.28 435 30.8
1.2 0.95 0.16 0.79 300 100.1
321 aged 10-8 |8x10-3 1.0 429 119.3
700°C 1 000 h 700 0.6 0.38 0.15 0.23 963 160.7
10-4 |8x10-3 1.0 0.73 0.26 0.47 559 15.7
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Table 5. Results of the low-cycle fatigue test with a trapezoidal strain-wave form and partitioning
of inelastic strain ranges dejn into depp and decp.

. T ty det dein depp decyp Fatigue Life
Material Q) | (min) | (%) (%) (%) (%) Ny
1 1.0 0.76 0.73 0.03 1460
Ag%dsoi%l 1 000k 650 6 1.0 0.75 0.71 0.04 1147
( X ) 10 1.0 0.75 0.71 0.05 498
1 1.0 0.77 0.72 0.05 1517
Aged 321 000h 700 6 1.0 0.79 0.72 0.07 600
( X ) 10 1.0 0.76 0.67 0.09 205
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Fig. 6(b). The depp-Nyp and de;p~N;p properties
of aged 321 steel at 650 and 700°C.
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