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The formation behavior of surface oxides on cold-rolled Fe-Si-Al steel sheets during annealing was inves-
tigated using glow discharge spectroscopy (GDS), transmission electron microscopy (TEM), and thermo-
dynamic calculations (FactSage). This study focused on the competitive formation of Al,O, and SiO, as a

function of annealing temperature and alloy composition. The results showed
face oxides increases exponentially with temperature (Al/Si o< exp(aT)), wher

that the Al/Si ratio in sur-
e o represents the tempera-

ture sensitivity of Al,O, formation. The value of a increased with higher Al content, indicating that Al-rich
alloys are more sensitive to temperature variations. At elevated temperatures (1275 K), AIN formation was
observed in addition to AlL,O,, particularly in regions where the AL:Os film was locally disrupted. Ther-
modynamic analysis confirmed the predominance of AlOs and AIN under the given conditions and demon-
strated that stable ALOs formation suppresses SiO: growth. These findings provide a quantitative basis for
controlling surface oxide composition through precise adjustment of annealing temperature and Al content, con-

tributing to improved surface quality and process reliability in advanced automoti

Keywords: Annealing, Oxidation, Al-Si-steel, SiO,, Al,O,

ve steel sheets.
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Table 1. Annealing heat conditions and chemical compositions for samples

Samples Annealing Conditions Chemical Compositions (wt%)
Temp. (K) Time (s) Si Al Si/Al

J1 1086 60 0.3 -
12 1103 60 0.3 - -
I3 1126 60 0.3 -
J9 1083 60 1.2 0.3
J13 1166 60 1.2 0.3 4
J8 1198 60 1.2 0.3
J17 1125 60 3.2 0.7
J16 1175 60 32 0.7 4.6
J18 1275 60 32 0.7
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Fig. 1. GDS depth profile of Al and an example of the integrated Al peak area
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Fig. 2. GDS profiles of Si and Al after annealing at 1083 to 1125 K in N2-5% H2 (dew point: —40 °C, 233 K); Si 0.3% steel at
1086 K, (b) Si 1.2% - Al10.3% at 1083K, (c) Si 3.2% - A10.7% at 1125 K
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Fig. 3. GDS analysis for Si, Al profiles on the annealed samples (a) Fe-1.2%8Si-0.3%Al, (b) Fe-3.2%8Si-0.7%Al
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Fig. 4. The Al/Si ratio in oxides as a function of annealing temperature for both Fe-1.2%8Si-0.3%Al and Fe-3.2%8Si-0.7%Al
after annealing; (a) Al/Si vs Temp.(K), (b) In(Al/Si) vs Temp.(K)
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Fig. 5. TEM element mapping of oxides formed after annealing of Fe-3.2%8Si-0.7%Al alloy. (a) annealed at 1175 K, (b)

annealed at 1275 K
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