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TEM Observation of Al,O, Scales Formed on Al-deposited Fe-Cr-Al Alloy Foil
Atsushi Anoon, Shigeji Tanicucur and Toshio Suiarta

The development and phase transformations of Al,O; scales formed on Al-deposited Fe-Cr-Al foil and Fe-20Cr-5Al
foil have been studied during the oxidation at 1173K in air using TEM, SEM and XRD. The both kinds of foils had very
similar chemical compositions, however the oxidation started on a surface of high Al content for the Al-deposited foil.
The scale formed on it has a two-layer structure during the initial oxidation period : the outer layer consists of y~Al,Os
and the inner layer of mainly fine-grain §-Al,O,. The phase transformation from y to # takes place at the scale /
substrate interface. As oxidation proceeds needle-like crystals start to grow at the interface of the two layers, pass
through the outer layer, and extended out from the scale surface. They consist of twin crystals of y-AlO;, some of
which transform to 6-AlQ,, with twin boundaries parallel to their growth directions. It is proposed that the twin
boundaries provide fast diffusion paths for Al cations. During the growth of needle-like crystals, the inner layer consists
of fine-grain 6-Al,0,. After about 180ks oxidation a~Al,O; grains nucleate at the scale / substrate interface and after
about 360ks the major part of the scale transform to a-Al,Os. Its grain size is 1 to 2um and thus one or two grains
occupy the scale thickness. Small voids are formed within @-Al,O, grains. This is attributable to volume decrease by
about 129 accompanying the 8 to & transformation. Contrary to the Al-deposited foil, scales formed on the Fe-20Cr-5Al
foil transform to @-Al,O; in short periods.
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Table 1. Chemical composition of alloys. (mass% )

alloy Cr Al Ti La Ce

A 19.1 32 0.16 0.006 0.036

B 20.2 5.1 0.12 0.017 0.043

C<0.01, Si<0.30, Mn<0.30
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Fig. 1. Outer surfaces of Al-deposited foils oxidized
at 1173K in air.
a)3.6ks, b)180ks, c)360ks, and d)1080ks

Fig. 2. TEM micrograph and diffraction patterns of Al-deposited foil oxidized at 1173K for 3.6ks in air, showing
two-layer scale structure and growth of needle-like crystal.

a) 'y_A1203 tWin, and b) 'y_Algog
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Fig. 3. High magnification micrograph of top of
needle-like crystal shown in Fig.2, and twin
relationship.
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Fig. 4. High magnification micrograph of area in
inner scale layer in Fig.2, showing 6-Al,Q,
and y-Al,O, fine crystals.
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Fig. 5. TEM micrograph of alloy foil oxidized at
1173K for 3.6ks in air, showing vy - AlLQ,,
6-Al,0; and a-Al,O;.
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Fig. 6. TEM micrograph and diffraction patterns of Al-deposited foil oxidized at 1173K for 180ks in air.
a) H_Alzos, b) fine*grail’l 0“A1203 and '}/‘Alzog, and C) a‘A]ZO:‘;
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Fig. 7. TEM micrograph and diffraction patterns of Al-deposited foil oxidized at 1173K for 360ks in air.
a) ~c) a-AlO;, d) y-ALO; twin, and e) -Al,O;. Relatively large a-Al,O; grain is identified (a~c) and
needle-like y-Al,O; crystals are still remaining (d). 1) ~3) show analysis position of TEM-EDX. 1),2)

particle precipitated in &#~ALO;, and 3) a-Al,O.
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Table 2. TEM-EDX peak to peak ratio of Fe/Al,
Cr/Al and O/Al in a-Al,O; scale formed
on Al-deposited foil oxidized at 1173K for
360ks in air.

analysis position Fe/Al Cr/Al O/Al
1 (particle) 1.43 0.37 0.19
2 (particle) 039 0.10 025
3 (a -ARO3) 0.03 - 0.19
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