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Degradation of SUS 304 by High Temperature Exposure and Recovering
Heat-treatment Effect

Yoshihiro KONDO, Tomohide MATSUMURA, Jirou NAMEKATA,
Yasuhiro YAMAGUCHI, Masaru TANAKA and Fumio HANGAI

Synopsis :

The degradation of mechanical properties of SUS 304 during high temperature exposure were investi-
gated by comparing as solution treated specimen with the specimen serviced for 120000 h in an ethylene
plant. Additionally, a restoration of mechanical properties was examined by applying the re-solution treat-
ment to the specimen serviced for the prolonged time, and the microstructural change which affected the de-
gradation was discussed. There was little difference in short time tensile properties among the above three
different specimens, except for rupture ductility. More than half decreases in a creep resistance, a creep
rupture strength and an impact property were detected in serviced specimen. All these properties, however,
could substantially be restored by the application of re-solution treatment to the serviced specimen. The
degradation of these mechanical properties during high temperature service were mainly caused by the in-
tergranular precipitation of a sigma phase, and the decrease in density of carbide precipitates, accompanied
with the intergranular precipitation of a sigma phase.

Key words: heat treatment; stainless steel; steel for elevated temperature service; precipitation; creep;
strength; mechanical testing. '
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Table 1. Chemical composition of steels studied
(wt% ).
Steel C Si Mn P S Ni Cr
As used| 0.06 0.55 1.57 0.030 0.014 9.54 18.50
Virgin | 0.08 0.60 1.29 0.028 0.005 9.24 18.70
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a [ As used

Photo. 1.

¢ ! Re-solution treated

b : Virgin
Optical microstructures of as used,
virgin and re-solution treated steels.
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a I STEMimage b :Cr-K, ¢ INi-K,

SIGMA AT G.B. i99
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d :Fe-K, € !Si-K, f !EDX spectrum

Photo. 2. STEM image, X-ray mapping images (Cr-K,, Ni-K,, Fe-K,, Si-K,) and EDX

spectrum of as used steel.

Table 2. Comparison of X-ray diffraction data of
precipitates extracted from as used steel.

Experimental value M33Ce ™ o-phase*® *
dobs. IobsA dM23CG I/IO ds I/]D
2.656 115 2.66 30 — —
2.375 508 2.37 50 — —
2.169 606 2.17 50 — —
2.125 371 — — 2.128 100
2.067 125 — — 2.063 80
2.045 2138 2.05 100 — —
2.023 260 — — 2.015 60
1.972 535 — — 1.964 80
1.927 334 — — 1.928 100
1.879 642 1.88 50 1.877 80
1.837 114 — — 1.830 10
1.797 531 1.80 50 — —
1.772 293 1.78 40 1.755 10
— — 1.63 5 — —
1.602 189 1.61 30 — —

* . Representative JCPDS Card, 5-0708
*E Representative JCPDS Card, 14-0407
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HEH L, 2518, MROWRKMICOVWTEDX I2X%
WO 247207458, Cr & Fe 281312[FE (Cr:42
at%, Fe:52at%) TH D, ocHOME 2 L(Fiz—
BLTwk, Lo T, MREOWRKROHAOEIRM
R oHTHY, MHNORIRMIZ MpsCs ThH B L HE S
n5.

— 137 —



890 & ¢ # B 74 4 (1988) £ 5 5

3-2 ERRBEGERICLIBENMNEOLTILE ZhiC
RETEBLEBOTE

3-2-1 SUREHS IR 04

FHBE O 750°C T4727: SUS 304 D4EEEREE | 5RAER
¥R % Table 3R, HFAMBRURERMED 0.2%
Wi 772 E iR T 25 kgf/mm?, 750°C B W TR 11
kegf/mm®> TH 0, F 755K S REIRTH 66 kgf/mm?,
750°C (2 BV TidH) 21 kgf/mm® TH 0, HREREO
HRICLDETIRIEEA LR, —F, EHEM OB
CRFBORBRICBWT, REAMICH~NEELRT
A, T50°C BT AR EBICH 0% THY, WMEIC
EREEL 2V, 7, BEB(AMO 0.2% &, 5
IR X ERKT 750°C DWTFROREBIZBVTH
FREMBRURERMcToOfEIERALTH S, —F, f#
FM OEIBICHB T AHEE KT ERB L%

Table 3. Tensile properties of as used and virgin
steels at room temperature and 750°C.,

0.2% proof Tensile .
Temperature Steel stress ' strengtlé Elo(n‘}géa)tlon
(kgf/mm?) (kgf/mm?)
Room As used 24.7 65.3 54.7
temperature Virgin 26.6 67.7 83.9
° As used 10.3 20.5 70.0
750°C Virgin 1.4 22.0 73.0
1000
Absorbed energy
Room temp. Steel _‘kgf'""
800 S N
Re- solution
\Virgin | fredted 9.383.60| 5.78
600— As used 1.8110.71|71.10
3 Virgin 10.83] 3.87) 6.96
400},
o
= 200
o ! ]
100 Absorbed energy
750°C {kgf~m}
Steel
800— e | & | ep
Re-soluti
'c oot " | 8.67|3.568(5.23
3 sooL— As used 3.58]7.25]2.33
< Virgin 9.77|4.66]5.71
1

0 o1 02 03 04
Time {ms)
Fig. 1. Time-load curves and impact properties of

as used, virgin and re-solution treated steels
Charpy impact tested at room temperature and
750°C.

Mz ok, RERMOMEICECEHET .

322 HERMEOEL

LY » VE—HEABR LBV TROEERED
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Time to rupture  (h)

Fig. 2 Stress-time to rupture curves of as used,
virgin and re-solution treated steels crept at
750°C.
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T
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-5 I 1 ] |
3x1075 6§ 7 8 9 1
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Fig. 3. Stress-minimum creep rate curves of as
used, virgin and re-solution treated steels crept at

750°C.
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a ! Virgin b ! Asused ¢ : Re-solution treated

Photo. 3. Reflective electron fractgraphs of
virgin, as used and re-solution treated steels.
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b : As used

a  Virgin
Photo. 4. Optical microstructures of virgin and as
used steels crept at 750°C-7.5 kgf/mm?.
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a ! Virgin b : As used

Photo. 5. Transmission electron micrographs of
virgin and as used steels crept at 750°C-7.5
kgf/mm?,
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Photo. 6. Transmission electron micrograph of
re-solution treated steel crept at 750°C-7.5
kgf/mm?.
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