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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

CORROSION SCIENCE AND TECHNOLOGY Vol.25 No.3, 2026



IL-RYOUNG SOHN, KWON-IL KIM, KANG-HYUN PARK, YEON-JU LEE, SEUNG-CHUL SHIN, JIN-HYUN KIM, AND KYUNG-HOON NAM

213}o] Talos F200X STEMS ARE-ake] 1A

el

=
T3E WE3staL, 7t AEEE mappingste] BXEE X
A |

it A7 259k Aol wE AbskE, A3hE9]
G4 QFYAS FactSage ver.8.3=2 ©]-23lo] AXls)
oﬂq.
M .

35520 AgAE iele] AFE2 % 1086K B 1125K
oA Ax]e]stk A He] GDS #4] A= Fig. 20 e}
yigleh el s8lsi= AEd4s Si, Al 00]3.0H,
o= FE Si0,, ALO7 FAHUSE YERATE Si
0.3% AlHAE Si E37F T2 A TH(Fig. 2a). $HE Al
SiE gt 7Pl M Si W Ale] FAlol E8t Har )
o}, A4 FEES 2ol7) SIStk =, Fig. 2bell
A= Sidk Al9] W wskEo] Bl oL Fig. 2¢0)
M= Ale] Ao R F3tEEA Sig] 3t ofAld
RO R KT} o=, Absle}l wh3Ado] & Alo] 9417
o7 MY AbslElo] AL5Zl Fuks e FAgghe
2H Sig HIES o A4 AleE A d
o=z olgldt}t [11-13]. 24 AE F SYAIY H]E&S
Fig. 2¢7} 4622 4.0%] Fig. 2b Kt} EH330le 2+
3kal Fig. 2collA A1) 5317} siol s3lnc 953 +
TR} ol= SyAl B] a9k ol Ale] Ao g
o] ALO, Hute] PgA FAel ¥ & e v
ARSI, BESE A 0] G LS Flo R TdiEnt

Table 12] Fe-1.2%Si-0.3%Al (Si/Al = 4.0) 2 Fe-
3.2%8Si-0.7%Al(Si/Al=4.6) AlFA 2] 25 AF Abslas
GDSZ 4519 Fig. 3o %5l s3ke Sivp Al o

J01-1

el =d 202 HE 0.1 umAH7HA 9] 7} 5
shEo] AEaks Ateklar, 1275KelA et Fe-
3.2%8Si-0.7%AMNA 2] 1186 ~ 1215 A3 71 79|
7 ez Z17] wliEel 0.2 um AR FEES
A3Esko] YRSl
& A B 257t Skl whet Siel ek
slal AR F7Fekelnh. 1elv 25 Skl wE Al
o] 7R Hlgte] Sio] FrAE-S Aoz Al
, AR o ® Ao = ALO Si00] FAlOl A8
dElo] At 1207 A4 ALO,Y Aol ¢4
ate] 8i0,2] o] 2388 AaES & T UTH SHA
ARFEE Sio] @50 % S Fe-0.3%S1d] 749 A&
T2 1086 ~ 1126 KollA 257} Z713te] w} Sio,
9] Z7HE0] exp (0.031 x Temp (K))] H|EZ 7S
gelatiet. 22 Sigt Alo] 8 drEo] Q= A
-, Fig. 3¢ AfellA g} 2ol Sio,2k ALOZF 37 A
e 57 S7Eekel wet Sioqs AAEkal ALOE
S7Fkaith o] AL F AkskEe] doEhE] b d el
7108k Zo® A7 [14]. A= 52 As Rk
z718} o] dodghy Hyo| mdslr] Hdolli= Sio,2h
ALO}F EAste] A E AT oA Absiikgo] X
et dggaow Pgst ALOE SAIsHA 4%
sto] ool 54 Faks AAlshe RaHQl 4k3t
guto 2 #-gste] §i0,o] dFo] JAH= Aow 3
Ttk =, AZeA 3 AkskES Si0,9 ALOH 4
ot sAlel FAHAN, 57 Skt A4 F
Al 0] =855 ALOJF AuljF o2 Eref s
O ZH S8i0,98] S AAlsh= Aew A7) o
ATl ALSi H7F WLl AT oA EHA &

JN Lo f

00 01 02 03 00 01
Depth, pm

Depth, um

02 03 0.0 01 02 03
Depth, pm

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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