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Thermal Fatigue Properties of Austenitic Heat Resisting Steels

Synopsis:

Teruo TANAKRA, Shozo Iizumi,

Masayuki KINucGAsA, and Tokio Fujioka

Thermal fatigue properties of a number of austenitic heat resisting steels have been studied by using a
testing equipment that can either strain and temperature cyclings independently.

The microstructural and fractographical studies have also made.

The results are as follows:

(1) Under 200/1 000°C temperature cycling, R2(19Cr-15Ni-3Si-Al) has slightly better thermal fatigue

life(Ny) than SUS310S and RI1(19Cr-13Ni-3Si-Nb).

Under 200/800°C and 200/700°C temperature

cyclings, the order of steels in Ny changes with the change in total strain range(de;). That is, SUS304 has
a better thermal fatigue life than the others when de; is in a higher value, but than the others when Ae¢; is 2

lower level.

(2) Under 200/1 000°C temperature cycling, the ductility of steels principally contributes to Ny. On the
other hand under 200/800°C and 200/700°C: temperature cyclings, the ductility of steels greatly contributes
to Ny when dé; is in a higher level, and the strength of steels during thermal fatigue test greatly contributes

to Ny when deg; i1s in a lower value.

(3) The cracks in the steels tested under 200/800°C and 200/700°C temperature cyclings are generally

transgranular, and the fracture surfaces reveal striations.

In SUS310S, however, which has much precipita-

tion near the grain boundary, the most cracks propagate along the grain boundary. Thus, it is understood
that the structural change during thermal fatigue test has a large influence on the thermal fatigue properties.
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Table 1. Chemical composition(wt%), solution heat treatment condition and grain size of specimens.

| ] ..
Specimen C Si 1 Mn A S Cr Other hcatsotll}(:::tonrllent SSr'af}I?/[ Sll\%g‘
SUS304 0.06 ‘ 0.49 1.13 | 0.028 | 0.008 | 9.23 | 18.45 — 1150°C x40 min ( 4.0
SUS321 0.05. 0.78 1.58 { 0.032 | 0.007 | 10.31 | 17.47 | T1 0.61 1 150°C x 40 min 5.0
SUS3108 0.07 | 0.85 1.60 ] 0.021 | 0.012 | 19.28 | 25.36 — 1 150°C x40 min 4.0
AISI302B* | 0.08 | 2.60| 0.79(0.023 | 0.006 | 9.41 | 17.72 — 1050°Cx 1 h 6.0
R 1* 0.04 3.08! 0.87]0.014|0.004 | 12.91 | 18.51 | Nb 0.18 1130°Cx It h 5.2
R 2% 0.07 330 0.68]0.020|0.005 14.99 | 18.15 | Al 0.60 1010°Cx 1 h 4.8
NCF-—-2* Al 0.46 o
(Incoloy800) 0.04| 0.65| 0.95|0.020{ 0.020 | 31.26 | 19.71 Ti 0.46 1100°Cx 1 h 6.2
* A litle rare earth elements and Ca are added.
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Fig. 1. Shape and dimension of specimen for
thermal fatigue test.
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LML XS BNFELITRAD o HOWHIZIZLALE
EHhishoi. Fiz, SUS304 kX F NCF-2 ik

200-700°C ToOEREHOEES LR R FE LT
CrpsCs BT HB LTV, 3k, SUS321 o 200-
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ERLD, FHPIELATED NP D
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HIFMLREEOTL 53D L BEbN5.

200-1000°C coEFHBHEOMERTIL, wIFhd
WHIIITEAEBRDLNT, —BRCEELLTW:.
3.3 mmEsk
© PSSR AR TN, AR U BRSO
B 5V CHIZE L7-BROBEIC 2w T Ry, B8R
13, FIR2EET 30K IO RLERETEIO, b
HZVRAEORS LEEREER L5308 2/. £
O —4#% Photo. 3 1z773. Photo. 3(a) icli, SUS304
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. 7~ SRR, - S R

a) SUS304, 200-700°C, Ae,=1.4%, N, =1590
b) SUS310S, 200-700°C, Ae,=1.103%%, N,= 780
Photo. 3. Cracks on cross-sections of specimens
thermal fatigue failured.
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Photo. 4. Scanning electron micrographs of fracture surface of SUS304 and NCF-2 thermal fatigue failured.
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" a)b)c) 200-700°C, 481=1.20%, Nf= 488
dle) 200-800°C, 4€t=1.00%, Nf= 404
f) 200-I000°C, 4€t=1.00%, Nf= 389

Photo. 5. Scanning electron micrographs of fracture surface of SUS310S thermal fatigue failured.
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