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Microanalysis of Oxide Layers of Steels

Toshio SHIRAIWA, Nobukatsu FUJINO and Fumio MATsunNO

Synopsis:

The scales formed on the steels are examined through the electron probe microanalysis. Examined
steels are low carbon rimmed steel, silicon killed steel, weather-resistance steel, high strength steel, sulfer
free—cutting steel, ferritic and austenitic stainless steels.

Specimens were oxidized in air at 1000 to 1350°C for various periods. The results obtained in the

present investigations are as follows.

(1) Low carbon rimmed steel: three well-known types of iron oxides (hematite, magnetite and
wustite) are determined and any other oxides.is not observed.
(2) Silicon killed steel: under the iron oxide layers, manganese—iron-silicates exist together with

dendritic wustite.

(3) Low alloy steels (weather—resistance steel and high strength steel): the scales consist of hematite,
spinel type oxides, wustite, silicate and metallic particles in which nickel and copper are condensed due

to preferred oxidation of steel.

(4) Sulfer free—cutting steel: iron sulfide is detected in the oxide scale and the internal oxidation

of manganese sulfide inclusions are also observed.

(5) Ferritic stainless steel: main part of the inner oxide layer is the spinel type oxide of Fe, Cr, Mn
and thin layers of Cr;O; and SiO; exist between the spinel and the steel substrate.

(6) Austenitic stainless steel: the scale formed at high temperature consists of hematite, spinel type
oxide, silicates and metallic particles similar to the case of low alloy steels.
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Table 1. Chemical composition of specimen (wt%).
No Specimen C Si Mn P S Cu Ni Cr Mo
1 Low carbon rimmed steel 0-06.f 0-01 0-32| 0-014| 0-018| 0-08 — — —
2 Si-killed steel 0:05| 115 0-27 | 0-011 | 0-010| 0-04 0-02 0-06 —
3 Weather resistance steel 010 0-50 0:'50{ 0-018| 0-015| 0-47 0-29 0-74 —
4 High strength steel 0-10 | 0-27 0-82| 0017 | 0-013 | 0-31 0-91 0-56 —
5 Sulfer free-cutting steel 0-08 | 0-005| 0-83| 0-054| 0-300| 0-09 — 0-04 —
6 JIS-SUS 24 0-07 | 0-62 0-43 ] 0°028 | 0015 | 0-16 0-23| 17-29| 0-02
7 JIS-SUS 27 0-07 | 0-60 1-21 | 0-013{ 0009 | O-16 8:53 | 1853 | 0-24
8 JIS-SUS 32 0-07 | 0-62 1-52 | 0-025] 0009 018 | 12:96| 16°97 | 2-82
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H : Hematite, M : Magnetite, W : Wustite, S : Silieate, Me : Metal.
: Scale of low carbon rimmed steel oxidized at 1000°C for 60min

: Scale of Si-killed stee! oxidized at 1200°C for 30 min
: Scale of weather resistance steel oxidized at 1300°C for 15 min

: Scale of high strength low alloy steel oxidized at 1300°C for 60 min
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Microstructures of scales of steels.
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a. Back-scattered electron image b. Fe Ka image c. Si

Ka image d. O Ka image

Photo. 2. Electron microbeam scanning images of the
oxide layer of Si-killed steel oxidized at

1200°C for 30min.
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a : Back-scattered electron, b: Fe Ka, ¢: Ni Ka, d:Cu Ka, €: Cr Ka, f: Mn Ka, g:Si Ka, h: OKa
Photo. 3. Electron microbeam scanning images of the oxide layer of weather resistance steel

oxidized at 1300°C for 15min.

: wistit, Sd : sulfide, M : oxide with-spinel structure, So : 8i0,,

: escolite (Cry03), S :silicate, Me : metal, H : hematite.

. Scales of sulfer free-cutting steel oxidized at 1300°C for 30min
. Scales of JIS-SUS 24 steel oxidized at 1200°C for 90min

. Scales of JIS-SUS 27 steel oxidized at 1350°C for 60min

. Scales of JIS-SUS 32 steel oxidized at 1300°C for 90min

Photo. 4. Microstructures of scales of steels.
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a : Sample current, b : Back-scattered electron. c¢: Fe Ka, d:S Ka, ¢: Mn Ka, f: O Ka.
Photo. 5. Electron microbeam scanning images of the oxide layer of sulfur free cutting
steel oxidized at 1300°C for 30min.
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a: Sample current, b: Fe Ka, ¢: Cr Ka, d: SiKa, e: Back-scattered electron, f: NiKa, g: Mn Ka, h: OKa.
Photo. 6. Electron microbeam scanning images of the oxide layer of 18-8 stainless steel (JIS-SUS§27).
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