58 > >y
AT L AHDE S

Properties of Stainless Steel at Elevated Temperature
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Masao KIKUCHI

Synopsis: Because stainless steels have superior high temperature characteristics as well as corrosion resistance, they are
applied to various high temperature uses. Materials used in high temperature environment are chemically and
mechanically damaged and lead to fracture under the influence of atmosphere, temperature, time, stress and so
on. Chemical damage is divided into dry and hot corrosions, and dry corrosion is also divided into oxidation,
sulfidation, carburizing, nitriding, and halogenations. Mechanical damages are tensile deformation, relaxation,
creep, high temperature fatigue, thermal fatigue and so on.

In this report, various chemical and mechanical damages in stainless steels and the characteristics of stainless

steels for these damages are explained.

Key words: stainless steel, high temperature, oxidation, sulfidation, carburizing, nitriding, halogenations, hot corrosion, mechanical

property, creep, high temperature fatigue, thermal fatigue
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Table 2 Mechanical damages at high temperature and
their environments.
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Fig.1 Schematic illustration of weight gain-time curves
during high temperature oxidation
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Fig.2 Duffusion behavior of Cr at the alloy/oxide
surface.
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Fig.3 Schematic illustration of formation processes of
protective oxide scale.
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Fig.4 Conditions for healing of protective oxide scale.
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Fig.5 Changes in structure of oxide scale formed on
Fe-Cr alloy with Cr content.
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Fig.6 Oxidation characteristics during continuous
heating for typical stainless steels.
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Fig.7 Oxidation characteristics during cyclic heating
for typical stainless steels.
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Fig.8 Weight gain-time curves during high
temperature sulfidation corrosion in H2S gas for
typical stainless steels and heat resisting steels.
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Table 3 Carburizing resistance for several stainless
steels(Pack test, 982 X 25h).

#®3  BEATVLZEORRME (VY IHE. 982T X25h)

ST JEARRSY | Si% |iRbE C%

Type330 | 35Ni-15Cr |0.47|  0.23
330 [35Ni-15Cr-Si|1.00|  0.08
310 | 20Ni-25Cr |0.38  0.02
314 |20Ni-25Cr-Si|2.25|  0.03
309 | 12Ni-25Cr |0.25|  0.12
347 |8Ni-18Cr-Nb|0.74|  0.57
321 | 8Ni-18Cr-Ti |0.49|  0.59
304 | 8Ni-18Cr |0.39| 1.40
302B | 8Ni-18Cr-Si [2.54|  0.22
446 28Cr  [0.34|  0.07
430 16Cr  |0.36] 1.03
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Table 4 Nitriding resistance for several stainless steels
(in NHz converter, 500T X 29,164h).

x4 BT L ZWMOMEENH O > /N =5,
500C x29,164h)
SR Ni (%) LE
(mm/year)
Type446 — 1.1
430 - 0.9
302B 10 0.7
304 9 0.59
316 13 0.47
321 11 0.47
309 14 0.23
310 21 0.14
37Ni-20Cr-Fe 37 0.18
Type314 20 0.10
330 34 0.06
60Ni-15Cr-Fe 60 NM
NCF600 79 NM
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Table 5 Durable temperature('C) in Cl- and HCI gas
for several stainless steels.

x5 ZREEEDCl, HCIAZXHBTOMARE(T)

B Cly # % | HCl # =
i N1 540 510
NCF600 540 480
Hatelloy276 510 450
Monel400 430 230
SUS304 310 400
SUS316 340 430
R S 200 20
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Fig.9 Na:=SO4 attack resistances for typical stainless
steels and heat resisting alloys.
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Fig.11 Effect of alloying elements on 0.2% proof
stress at 950C for 19Cr steel.
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Fig.12 Relation between 0.2% proof stress at 600T
and lattice strain for austenitic stainless steels.
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Fig.13 Relation between tensile strength at 600T
and lattice strain for austenitic stainless steels.

K13 FA—XT7F4 rRATLZWMDE00TICHITSD
SIBRVJEE EFO T AERDBER

20

FOEIA—RFTFA FRSUS631 (17-7TPH) Tl3. #
nzn. e (Cu-rich) dHs0MFa (NizAD) #EICEK>T
BILENTNDHE00CHEEZTIISMEZRI N £
MU EICHEDEBEMICEDTERTFORERXENE
V. BEIFSMICETLBRVIEERT D,

4.2 9')—TEREH I UBEE
4.21 9)-THKR

—f&IC. ERTERBMBHIRFRISH U EDSERI 7% N
ABDEMBHIRBETMIFEL L. BEERITPHTEL

3 800
= 700
g 600
£ 500
= 400
4 300
£ 200
w100

w0 H100%

B #®Y oo 180

Dohoﬁn_m{f bﬁk&%‘&)g

fﬁU\' - 40 <

| | | | I_ 20 &

0 200 400 600 800
= E (C)

Fig.14 Tensile properties at high temperature for
SUS329J1 duplex stainless steel.
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Fig.20 Schematic illustration of diffusion creep.
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Fig.21 Creep rupture strengths at 10° h for typical
austenitic stainless steels.
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Fig.22 Creep strengths at 1%/36 X 10%s for typical
austenitic stainless steels.
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Fig.23 Schematic illustration of thermal fatigue.
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Fig.24 Thermal fatigue characteristics for typical
austenitic stainless steels.
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Fig.25 Thermal fatigue lives for typical ferritic stainless
steels.
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Fig.26 Effect of constraint ratio on thermal fatigue
lives for typical ferritic stainless steels.
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