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Variation law of oxide film on inner wall of S30432 steel and vapor

oxidation Kinetics of 600 MW ultra supercritical unit
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Abstract The morphology and structure of the oxide films on the inner wall of the high temperature reheater S30432 steel
tube of a 600 MW ultra-supercritical unit after operating for 800000 hours were analyzed by SEM, then by using EDS and
XRD the compositions of the oxide were determined, and the oxide film formation was analyzed. The risk of peeling off of
the oxide films was assessed according to the film thickness. The kinetics of oxide film growth and time of vapor oxidation of
steel S30432 at 640, 670 and 700 °C were measured to determine the operating temperature of the furnace tube and its
effect on oxidation. The results showed that there were grain size changes and composition changes during film formation
and evolution. The change of grain size was mainly caused by the growth of fused nanocrystals to granular or bowl-shaped
micrometer sized grains, with the grains becoming smaller and smaller from the outside to the inside. The operating
temperature of the tube furnace calculated according to the oxide film thickness was 670 °C, suggesting an overtemperature
operation. The thickness for the oxide film to start peeling off from S30432 steel surface was 39.81 wm, and the thickness of
primary oxide film was much greater than that, which was in danger of peeling off at any time. After running for 8552 hours,
the secondary oxide film will reach the threshold thickness for peeling off. There was a great risk that a large number of
oxide films would fall off and block the tube bending, which might cause explosion.
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Tab. 1 Chemical composition analysis results
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Si Cu Nb S P Al

alHE 0.12 18.04 8.18 0.71
ASME CODE CASE-2328 0.07~0.13 17.0~19.0 7.5~10.5 <1.0

0.15 2.89 0.39 0.001 0.024 0.015
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Fig. 1  Oxide film on the inner wall of S30432 pipeline
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Fig. 2 Surface morphology of oxide film and substrate at different multiples
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Fig. 3 Cross-sectional morphology of the original oxide film 1000X
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Fig. 5 Cross-sectional morphology of the substrate oxide film 5000%
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Tab. 2  Scanning analysis results of oxide film surface on S30432 steel

e [t 53K % JEF 5350 % P
0 Cr Fe Ni Si 0 Cr Fe Ni Si
WA= S AL 25.38 1.27 72.73 0.38 0.25 54.05 0.83 44.42 0.21 0.29 1:0.85
WA AL 21.33 28.08 4275 6.83 0.29 48.06 19.46 24.37 7.26 0.38 1:0.93
TR AL 8.72 60.12 22.84 8.03 0.29 24.15 51.22 18.11 6.06 0.45 1:3.14
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Fig. 7 Cross section line scanning analysis of oxide film
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Fig. 8 X-ray diffraction pattern of oxide film on S30432 steel
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