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Effect of Si addition on High-Temperature Oxidation Behavior of
19Cr-18Ni Stainless Steel at 1073K in N,-20%H,0 Atmosphere
Yoshitomo Fujimura, Yukihiro Nishida, Kazunari Imakawa

Synopsis:

The oxidation behavior of 19Cr-18Ni-0.3 ~ 5.0Si steel has been investigated at 1073K in N,-20%H,0 atmosphere, along with the FE-TEM
observation of the oxide scales.

The results obtained are as follows:
(1) The oxidation resistance at 1073K in N»20%H,0O atmosphere was significantly improved by the addition of Si. Oxidation mass gain
tended to decrease with increasing Si content. Further additions of Si in amounts of 1.9 mass% exhibited excellent oxidation resistance.
(2) The oxidation behavior varies according to the Si content of the alloys. In the case of 1.0mass% Si addition steel, Si-rich oxide
nanoparticles about 10 nm in diameter are formed in the inner oxide scale and alloy substrate below the oxide at the early stage of
oxidation. By gettering oxygen with Si, the greatly decreased oxygen concentration at the oxidation front after the formation of Si-rich
oxide nanoparticles promotes precipitation and growth of the internal Cr,O; layer, and suppresses oxidation of the alloy substrate by
fostering the transition from internal oxidation to external oxidation.

(3) In the case of 3.3 mass% Si addition steel, the extremely thin layer of deposited silicon oxide (about 50-nm thick) provides a quality

reliable barrier for excellent oxidation protection, and greatly enhances the oxidation resistance compared to 1.0 mass% Si steel.
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Table 1 Chemical compositions of steels. (mass%)

Steel C Si Mn Ni Cr

0.3Si 0.04 0.3 0.8 17.6 189
1.0Si 0.04 1.0 0.8 17.8 19.2
1.9Si 0.04 19 0.8 179 19.2
3.35i 0.04 33 0.8 18.0 193
5.0Si 0.04 5.0 08 18.1 194
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Fig. 1 Schematic diagram of test apparatus.
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Fig.2 Effect of Si contents on mass gain of 19%Cr-18%Ni steel
at 1073K for 1.8ks in N,-20%H,0 atmosphere.
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Fig.3 HAADF-STEM images showing cross sections of 19Cr-18Ni-0.3Si 1.0Si and 3.3Si steels oxidized at 1073K for 1.8ks in N,-20%H,0

atmosphere;
(a) HAADF-STEM image of 0.3Si,
(b) HAADF-STEM image of 1.0Sj,
(c) TEM bright field image of 3.3Si.
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Fig. 4 Cross sections of 19Cr-18Ni-1.0Si steel oxidized at 1073K for 1.8ks in N,-20%H,0 atmosphere;

(a) HAADF-STEM image of oxide scale,

(b) EDX map of Fe at whole area in Fig.4(a),

(c) EDX map of Cr at whole area in Fig.4(a),

(d) EDX map of Si at whole area in Fig4(a),

(e) EDX map of Mn at whole area in Fig4(a),

(f) EDX map of O at whole area in Fig.4(a),

(g2 HAADF-STEM image for area 1 indicated on Fig4(a),
(h) EDX spectra obtained at point 2 marked in Fig4(g),
(i) EDX spectra obtained at point 3 marked in Fig.4(g).
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Fig.5 Cross sections of 19Cr-18Ni-3.3Si steel oxidized at 1073K for 1.8ks in N»-20%H,O atmosphere;

(a) TEM bright field image of cross section,
) NBD pattern obtained at point 1 marked in Fig.5(a) /corundum,

(b,
(c) NBD pattern obtained from point 2 in Fig.5(a) /no crystalline diffraction pattern,
(d) Concentration profiles of Fe, Cr, Ni, Si, Mn and O measured by EDX along line a-a’ in Fig.5(a).
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Fig. 6 Influence of heating time on mass gain of 19Cr-18Ni
steels contained 0.3 to 5.0Si at 1073K, N,-20% H,0.
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Fig.7 Schematic illustration of oxidation behavior of 1.0Si steel at 1073K in N,-20%H,0 atmosphere.
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Fig.8 Schematic illustration of oxidation behavior of 3.3Si steel at 1073K in N,-20%H,0 atmosphere.
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