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High Temperature Oxidation Behavior of Austenitic Stainless Steel with

High Silicon

Sinopsis:

Yukishige FUKASE and Rikio NEMOTO

An austenitic stainless steel with high silicon, 13Ni-18Cr-3.5Si alloy has recently been developed and

recongnized as a new alloy resistant to the high temperature oxidation.

This alloy has been adopted for a

thermal reactor in the automobile field because it has an excellent resistance to oxidation and both the weld-
ability and formability are superior to those of SUS310S. The oxidation mechanism of 13Ni-18Cr—3.5Si al-
loy, however, is not so clear as those of 35Ni-20Cr and 80Ni-20Cr alloys with high silicon.

In order to clarify the oxidation mechanism and the effect of strong deoxidation process, a cyclic oxidation
test at 1 000°C in air was carried out on 13Ni-18Cr-3.5Si alloys made through deoxidation process,

The surface morphology, microstructure, and composition of oxide were examined by means of optical
microscopy, X-ray diffraction, scanning electron microscopy, and electron probe microanalysis.

No internal oxide was detected by optical microscopy or electron probe microanalysis of sections, while
the adherence of the surface oxide was retained in 13Ni-18Cr-3.5Si alloy. The formation of a very thin amor-
phous Si0; film was detected beneath innermost oxide Cr,O, by scanning electron microscopy and electron

probe microanalysis of the back of oxide chemically stripped from 13Ni-18Cr-3.5Si alloy.

It was assumed

that this thin §iO, film contributed to the improvement of the resistance to oxidation.
Protective and mechanical properties of the SiO, film were markedly affected by the strong deoxidation

process.
strong deoxidation with rare earth metals.

The highly convoluted oxide/alloy interface was observed on 13Ni-18Cr-3.5Si alloy made by
The good oxide adherence was attributed to the improvement

in the plasticity of thin SiO, film formed at oxide/alloy interface by rare earth element as an inpurity., An
optimum combination of Si addition and strong deoxidation process was concluded to further improve the

resistance to oxidation at high temperatures.
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Photo. 1. Optical micrograph of section of oxide
formed in air at 1200°C for 50h in iso-
thermal oxidation.
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Fig. 1. Isothermal oxidation for 100h in air.
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Fig. 2. Cyclic oxidation test at 1100°C in air.
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Table 1. Chemical composition of testing alloys.
Elements (wt%)
Alloy ; Strong deoxidation process
Cc Si Mn | P S Ni Cr | Cu
Alloy A | 0.041) 3.51] 0.60| 0.025 0.007| 12.43, 18.33 1.45;J Without any strong deoxidation
i ] | ; ¢ * | With strong deoxidation by REM
Alloy B 30.048‘ 3.76/ 0.20] 0.022 0.004, 12.80] 18.43 l.OOJ 0.03 wt% REM addition

Table 2. Producing process of 13Ni-18Cr-3.5Si
as testing materials.

Electric furnace—VOD-s>Vertical type continuous
30 145t x 1030w x1

casting—Hot planetary rolling—Cold rolling—Anneal
5.0t x1030w x1 1.5t X1000w x1

and pickle—Specimen
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Photo. 2. Macro structure of continuously casted slab
of 13 Ni-18 Cr-3.5 Si alloy and SUS304.

bonding material

Fig. 3. Stripping method of oxide by Br-CH;OH.
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Table 3. Results of X-ray diffraction analysis of oxide layers formed in air at 1000°C in cyclic oxidation.

Alloy 50 cycles 100 cycles 150 cycles 200 cycles 300 cycles
Alloy A Spinel (s) Spinel  (s) Spinel (s) Spinel  (s) Spinel (s)
9y Cr,0; (m) Cr;0;  (w) Cr,0; (w) Cr,0; (v.w) Cr,0; (v.w)
Alloy B Cr.0;  (s) Cr,0;  (s) Cr,0; (s) gggg «533 gﬁﬁﬁ %33

s: strong, m: medium, w: weak, v.w: very weak

+10,
[ Number of cycles(as )
a 100 200 300 400 500

-10F \
-20- Alloy A without
sirong deoxidation

-30+

Alioy B with
strong deoxidation
by REM

1 Cycle ;
Heating for 30min,

-40F .

Cooling for 10min.

Weight change (mg/cm?)

Fig. 4. Effect of strong deoxidation by REM on cyclic
oxidation resistance of 13 Ni-18 Cr-3.5S1 at
1 000°C in air.
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Photo. 3. Optical micrograph of section of oxide formed on 13Ni-18Cr-3.58i in air at 1000°C for

50 cycles in cyclic oxidation.
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Photo. 4. Optical micrograph of section of oxide formed on 13Ni-18Cr-3.5Si in air at 1000°C for
250 cycles in cyclic oxidation.
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Photo. 5. Optical micrograph of section of oxide form-
ed in air at 1000°C for 100cycles in
cyclic oxidation. (100 cycles)
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(a) Composition image (b) Si-Ka,X-ray image
Photo. 6. Si-K X-ray image of the oxide formed on 13Ni-18Cr-3.5Si alloys in air at 1 100°C for 200 cycles
in cyclic oxidation.
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(b)alloy B, 150 cycles

Photo. 7. SEM micrograph at external surface of oxide formed on 13Ni-18 Cr-3.5Si in air at 1000°C in

cyclic oxidation.
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(a) Secondary electron image
(b) Si-Ka.X-ray image
(c) Cr-Ka.X-ray image
(d) Fe-Ku, X-ray image

Photo. 8. SEM micrograph and X-ray image at internal surface of innermost oxide formed on alloy A in
air at 1000°C in cyclic oxidation. (50 cycles)
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(a) Secondary electron image
(b) Si-Ket,X-ray image
(c) Cr-Ka.X-ray image
(d ) Fe-Ku, X-ray image

Photo. 9. SEM micrograph and X-ray image at internal surface of the innermost oxide formed alloy B in
air at 1000°C in cyclic oxidation. (150 cycles)
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Photo. 10. Line-profile of Si-Ka at internal surface
of the innermost oxide formed on alloy B
in air at 1000°C in cyclic oxidation. (150
cycles)
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Fig. 5. Initial oxidation model of 13Ni-18Cr-3.55i
alloys at high temperature.
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(a) Secondary electron image
(b) Si-Kx, X-ray image
(c)Cr-Ka, X-ray image
(d)Mn-Kot, X-ray image

Photo. 11. SEM micrograph and X-ray image at internal surface of the innermost oxide formed on AISI
302 B in air at 1000°C in cyclic oxidation. (100 cycles)
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(a) Secondary electron image
(b) Si-K«, X-ray image
(c) Cr-Kx.X-ray image
(d )Mn-Kx, X-ray image

Photo. 12. SEM micrograph and X-ray image at internal surface of the innermost oxide formed on SUS
310S in air at 1000°C in cyclic oxidation. (100 cycles)
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