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Oxidation Behavior of Heat Resisting Steels under Cyclic Heating

Synopsis:

Takashi SUZUKI and Norio KAwABATA

In recent years there has been a need for materials that sustain satisfactorily at higher temperature in auto-

mobile exaust emission control systems.

In order to select the materials for such cyclic services, scaling re-

sistance of a number of commercial heat resisting steels have been investigated for long period under cyclic

heating in air between 800 and 1 200°C.

Oxidation behavior is dependent upon both microstructure and chemical composition of alloys. The
ferritic alloys exhibit better resistance to scaling than the austenitic alloys. Fe—Cr—-Al alloys show excellent

oxidation resistance at high temperature, but deformation of specimen occurs.
neral trend of improved resistance to scaling with increasing Cr, Ni and Si contents.

Austenitic alloys show a ge-
18-8 stainless steels

bearing a small amount of Ti or Nb plus Ta show also improved resistnance.
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Table 1. Chemical composition of alloys tested (wt%).

Alloy C Si Mn Ni Cr others
SUH 409 0.05 0.89 0.10 0.10 11.59 Ti 0.06
SUS 405 0.07 0.51 0.35 0.12 13.28 Al 0.14
SUS 430 0.06 0.35 0.38 0.23 16.60
SUH 446 0.13 0.44 0.97 0.31 25.00 N 0.21
FCH 2-2A 0.02 1.17 0.59 0.16 18.39 Al 1.98
FCH 2-4A 0.04 0.36 0.26 0.24 17.41 Al 3.73
SUS 304 0.07 0.81 1.25 8.75 18.25
SUS 321 0.06 0.67 1.56 10.04 17.46 Ti 0.33
SUS 347 0.06 0.55 1.46 11.16 18.12 Nb+Ta 0.77
SUS 316 0.06 0.71 1.02 10.49 16.83 Mo 2.27
AISI302B 0.11 2.87 1.59 9.61 17.84
DIN 4828 0.09 2.03 1.72 12.55 19.40
SUS 3098 0.06 0.77 1.47 14.24 22.23
SUH 310 0.10 0.58 1.59 20.12 25.09
AISI 314 0.10 2.18 1.01 20.33 22.72 ' REM 0.21

* R 47§ 10 BERLHBEASICTRE Wi 51 £9 5 8 B2 (Received Sep. 8, 1976)
OARSE T ) MEEREFF T8 (Sagamihara Works, Nippon Metal Industry Co., Ltd.)
i HA &I (B)MEER ST (Sagamibara Works, Nippon Metal Industry Co., Ltd., 1-30 Oyama-cho

Sagamihara 229)
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Cyclic heating test apparatus.
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Fig. 1. Variation of surface temperature of specimen

during thermal cycling.
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Photo. 2. Specimens and their holder for cyclic
heating apparatus.
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Fig. 2. Scaling resistance of some alloys at 800°C.
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Fig. 3. Scaling resistance of some alloys at 900°C.
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Fig. 4. Scaling resistance of some alloys at 1000°C.
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Photo. 3. Microstucture at cross-section of oxide scale
on SUS430 after 1000h at 800°C and 716 h
at 900°C.
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Fig. 5. Scaling resistance of some alloys at 1 100°C.
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Fig. 7. Master oxidation curve for some austenitic alloys.
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Table 2. Estimated limit temperature at damage of
0.2 mm after 1 000 and 2000h from master-
oxidation curve for some austenitic alloys.

Estimated limit temperature (°C)
Alloys
1000(h) 2000(h)
SUS 304 855 820
SUS 316 860 830
SUS 321 885 —
AISI 302B 970 925
SUS 3098 950 900
SUH 310 985 935
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Table 3. X-ray diffraction result of oxide scale formed on alloys after test.

Temperature (°C) 800 900 1 000 1 000
Time (h) 1 000 716 1013 1 009
SUH{Z409 (Cr, Ti),O4+S (Fe, Cr, Ti),0,4 — _
SUS 405 CryO;+5S (Fe, Cr),0O5* — —
SUS 430 Cr,Os+S (Fe, Cr) ;O5** — _
SUH 446 Cr,03+8S — H —
FCH 2-2A — - O'Alzoa O’AlgO:;
FCH 2-4A - - a'Algoa aAlzos
SUS 304 S+H S+H — —
SUS 321 S+ (H) S+H —
SUS 347 S + (H) S+H _ _
SUS 316 S+H S+H — —
AIST§302B — S +H S+H S+H
DIN 4828 — — S+H S +H
SUS 3098 — S+H S+H
SUH 310 - S+H S+H
AISI 314 — S+H S+H

S : Spinel oxide

H : Hexagonal oxide (Fe, Cr),03

¥ 415h,** 645 h
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Fig. 8. Microstructure and EPMA result at cross-section of oxide scale formed on SUH 409 after
test for 1000h at 800°C and 716h at 900°C.
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Photo. 4. External appearance of specimens after cy-
clic heating test. (Cr steels)
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Photo. 5. External appearance of specimens after
cycle heating test. (Fe-Cr-Al alloys)
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