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OVERVIEW

Various Factors Affecting Al,O3; Scale Transformation
Shigenari Hayashi
Division of Materials Science and Engineering, Faculty of Engineering, Hokkaido University, Sapporo 060-8628

Effect of various factors on the metastable to stable phase transformation behavior of a thermally grown oxide scale of Al,O3
was reviewed and discussed on the basis of the results obtained from our recent studies. In this paper, among the factors affecting
this phase transformation, particular attention has focused on the effect of Fe in order to understand the different phase transfor-
mation behavior of Al,O3 scale formed on different alloy systems in different oxidation environments. In order to explore the
effect of Fe on the phase transformation, the oxidation behavior of various Al,O3 forming Fe-based model alloys was systemati-
cally investigated. The development of different oxide scales on different alloys during a high-temperature oxidation, including
the initial transient stage of oxidation followed by isothermal oxidation in different oxidation atmospheres, was examined by
in—situ X-ray diffraction by means of the Synchrotron radiation. Fe was found to accelerate the phase transformation to o—Al,Os.
This effect can be considered to be due to an initial formation of Fe,O3, which is an isomorphous crystal structure with o—Al,Os.
Further contributing factor of Fe on the transformation can be a doping of Fe3* ion, which formed during an initial transient
oxidation stage, in the Al,O3 scale. The oxidation atmospheres are considered to indirectly affect the phase transformation by
changing in the formation behavior of Fe,O3 and (Al, Fe),05 solid solution during an initial transient oxidation stage.
[doi:10.2320/jinstmet.JB201202 ]
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Fig. 1 Parabolic rate constants of 6, y, and o—Al,O3 scales
formed on different alloy substrates as a function of reciprocal
temperature.?
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Fig. 2 Oxidation kinetics of Ni-22 at% Al-30 at% Pt alloys
with/without Hf at 1100°C in air.1” Solid symbols are the oxida-
tion Kkinetics of the alloys under the 3 min cycle condition.
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Fig. 3 Oxidation kinetics of Fe-Al alloys with different Al
content in O, at 900°C.
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Fig. 4 X-ray diffraction patterns of (a) Fe-20 at% Al, (b) Fe—40 at% Al and (c) Fe-52 at% Al alloys during oxidation at 1100°C in

air.24
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Fig. 5 Change in the lattice spacing of a~Al,05 formed on the
Fe-Al alloys with different Al content in air at 1100°C.24
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Fig. 6 Oxidation kinetics of Fe-Ni—42 at%Al alloys with
different Fe/Ni ratio in O, at 1000°C.

G'Alzo?)
250 (104)
200 a-Al,0,
S a-AlL,O
p 8-Al,0, A 2=s
= (002) - Fe-42Al
@150+ | 3 -9Ni-42Al
9 IR =4
£ 1] Fe-18Ni-42Al
1004 < 26Ni-42Al
-
g T Fe-35Ni-42Al
>0
Fe-44Ni-42Al
50 BRSSatess e e el
N Nia2Al
[ T [ I T
20° 22° 24° 26° 28°

Diffraction angle, 26

Fig. 7 X-ray diffraction patterns of Fe-Ni-42 at% Al alloys with different Fe/Ni ratio after 44 min of oxidation in air at 1000°C.



204 HA £ RE ¥

BEEZELOINETTOERRTIE, ERLZZEDICHEETFe
T e BT HELOEEITIE FeOs DA BIER SN2,

K Fe D &4 Tl Fe03 I3FER SN T\, Fey03 ©
ARPHER I N TWEWEE T, G4F0O Fe M52
MARICEEZRIEL TWAL I D, FeR Cric L 5H
ZROIEME % “Template” BEREDO I L D FHWAT 5 D13
Hpdh. 7, L2k DIC, ALO; B Rd~D Fed+
AXVOF—TJR3HEREEZEKTI®2WI &b, &
SHICEETAHFe R Cr OERBICKITTHFE L L TR

Fe,0, saturated

Y e — - @-ALO,
at 1000 ° C,
a-Al,O; (104) d=2 5795 A
2.575

B A|203 with one G-A|ZO3 with two |

; different lattice
lattice parameter parameters pure a-ALO,
-------------------------------- ---at 1000 ° C
257 i d=2.5719 A

2,565 »—/"/:/‘/

(o)

Lattice spacing, d /A

256 I L I I I
0 10 20 30 40 50 60

Alloy Fe content, C/ at%

Fig. 8 Change in the lattice spacing of a—Al,05 formed on the
Fe-Ni-42 at% Al alloys with different Fe/Ni ratio in air at
1000°C.

£ #%(2013)

w7 &

Template EEfEIZ N 2 T ALO; A7 — ILHICEIEE L 72 Fe A
TR Cr AT VICEHHEERRERELE 2 50BN D
5. R, InG&EXHIL TR LICERZRT.

3.3 HERICRETREDOMEEI—T 1 -/ OXE

#EZ051%, Cr = Fell X% Template Z)FiC >\WT, T
et %17 - T 0-ALO; M L 72 3k R 123 W (~100
nm)Cr % Fe #&EFRIC LD a—F ¢ V7 L7k % Einmk
b4 %2 LIk VKIEL 72, Fig. 912, Fe-50A1 54 LicF

25 T T T T
Ni .

£ i coating
=1
I 2L ]
b~
o non coated Fe-50Al
[
S 151 Cr coating .
S
< 1L Fe coating
-
o
[}
(2]
2 051 ]
X
L
£
. 0 1 1 ] 1

0 20 40 60 80 100 120
Time, t/h

Fig. 9 Growth kinetics of Al,O5 scale formed on Fe-50 at% Al
alloy samples, which have pre-formed 6-Al,05 scale and differ-
ent metals coating in air at 900°C.3V

Fig. 10 TEM cross-sections of Al;O3 scale formed on Fe-50 at% Al alloy samples, which have pre—formed #-Al,O5 scale and differ-
ent metal coatings after 25 h of oxidation in air at 900°C.3V (a) non coating, (b) Ni coating, (c) Cr coating, and (d) Fe coating.
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Fig. 12 X-ray diffraction patterns of Fe-50 at% Al alloy with Fe coating during a heating followed by isothermal oxidation at
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Fig. 13 Change in lattice spacing of different oxide scales with heating and oxidation time at 1000°C in air.3%
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Fig. 15 Change in intensity of diffracted signals from 6 and o—
Al,05 scales with time during a oxidation of Fe-52 at% Al alloy
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Fig. 16 TEM cross—sections of Al;05 scale formed on Fe-52 at% Al alloys after oxidation for 1 hin (a) air, (b) H,-H,0, and (c) Fe—

coated Fe-52 at% Al in H,-H,0 at 1100°C.2%
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Fig. 17 TEM cross—section of Al,O3 scale formed on Fe—coat-
ed Fe-52Al alloy in air at 1100°C for 1 h.29
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