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Effects of Si, Mn and C Content on Scale Properties
of Steel Plates Oxidized at High Temperature

Takayuki Nakamura and Mofoo Sato

Synopsis : Oxide scale properties on reheating slabs were studied from the point of steel compositions and oxidation conditions.

The gas atmosphere was simulated to combustion gas of butane. Increase in scale thickness, the apparent porosity and -

the mean pore diameter in scale under the influence of oxidation temperature and time were investigated. The main
results are summarized as follows. Si in steel had an important effect upon the behavior of scale formation of Fe,SiO,
between the iron substrate and the scale. When Si content in steel is more than 0.29, the oxidation slowed down below
1170°C, which is the eutectic temperature of FeO and Fe,SiO,. Above 1170°C, scaling became heavy and the pores in
scale became large by their agglomeration. C in steel resulted in a greater pore formation because of CO gas formation
on oxidation. Mn in steel dissolved in scale uniformly but had a minor effect on the scale properties.

Key words : oxide scale ; steel slab ; combustion gas of butane ; porosity in scale ; pore diameter in scale ; fayalite, Fe,SiO,, effects

of Si; Mn and C on scale.
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Table 1. Chemical composition of steels (mass%).

C Si Mn P S Cu Ni Cr Al

SO |0.18 0.04 0.75 0.013 0.029 0.022 0.017 0.020 0.001
S1 |0.09 0.22 0.40 0.020 0.021 0.014 0.022 0.019 0.001
S2 [0.26 0.21 0.74 0.020 0.017 0.006 0.014 0.018 0.008
S3 [0.20 0.40 1.43 0.020 0.013 0.012 0.016 0.009 0.009
Al |0.15 024 1.05 0.018 0.010 0.012 0.015 0.016 0.028
A2 |051 0.26 0.74 0.022 0.010 0.009 0.014 0.015 0.021
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1 Sample 8 Water pump

2 AI20s3 boat 9 Gas mixer

3 Furnace 10 Gas flow meter
4 Thermo-couple 11 COz2 gas cylinder
5 Gas inlet 12 N2 gas cylinder
6 Gas outlet 13 Air gas cylinder
7 Heater

Fig. 1. Schematic diagram of experimental appara-
tus to oxidize the specimen in various atmo-
sphere.
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Fig. 2. Approximation method for calculation of
porosity and mean pore diameter in scale (a)
section of oxidized specimen (b)rectangular
approximation to decide the dimension.
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Fig. 3. Weight increase on isothermal oxidation of
specimens at 1250°C in 129%CO0,-15%H,0-
S%Og_Nz.
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Fig. 4. Oxidation curves of weight gain for speci-
mens heated at 1000~1250°C for 5h in 129%
COZ_IS%H20_5%02_N2.

Fig. 5. Structure of fayalite formed at the interface
between scale and base metal of specimen S1
oxidized at 1150°C and 1175°C (a)at 1150°C
(b)at 1175°C.
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Fig. 10. Growth of scale thickness for specimens
oxidized at 1000~1250°C for 5h in 129 CO,-
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Fig. 11. Change of porosity in scale for specimens
oxidized at 1000~1250°C for 5h in 129%CO,-
15%H,0-5%0,-N,.
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Fig. 12. Change of mean pore diameter in scale for
specimens oxidized at 1000~1250°C for 5h
in 129%C0,-15%H,0-5%0,-N,.
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Table 2. Temperature dependence of oxidation
weight gain (mg/cm?®/C).

temperature| |,y temp. range high temp. range
specimen range 1000~ 1150°C 1175~1250°C

S0 2.2

S1 0.9 2.4

S2 1.0 2.8
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A2 1.1 4.2
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