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Oxidation of Two-Phase Fe-Mn-Al Alloys at 800°C
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ABSTRACT

The oxidation behaviors of two series of two-phase Fe-Mn-Al alloys with various ratios of
ferrite/austenite in air at 800°C were investigated. The rates of oxidation were measured by a
thermogravimetric analyzer. The oxidation resistance of these alloys increased as the ferrite
content increased. Addition of chromium also increased the oxidation resistance. The
morphologies of the surface oxide layer were examined. The thickness of the scale in the
austenitic phase was much higher than that in the ferritic phase. An in-situ observation of the
oxidation reaction of alloy C under an optical microscope equipped with a hot stage was also
performed. It was found that the oxidation occurred preferentially in the austenitic phase, and
oxidation in the ferritic phase was much less severe. The distribution of the elements in the
oxide layer was analyzed using an electron probe microanalyzer. The oxidation mechanism was
modeled. the different oxidation resistance of the austenitic and ferritic phases was explained
based on the oxidation model and the different compositions in these two phases.
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Table 1 Chemical compositions (wt%) and the o phase contents of the series [ alloys.
Alloy Mn Al C Cr Fe o %
A 28.52 9.97 1.047 — bal. 0.5
B (Ave.) 29.60 10.19 0.832 — bal. 10
() 24.388 11.265 — — - -
)] 30.042 9.62 — - — -
C (Ave)) 28.63 10.45 0.498 — bal 35
(o) 26.659 9.791 — - — -
) 31.361 8.219 — — — -
D (Ave.) 29.99 10.19 0.305 — bal. 65
() 28.135 10.327 — — - -
) 32.246 8.805 — — — -
E 21.50 9.86 0.33 6.23 bal. 98
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Table 2 Chemical compositions (wt%) and the « phase contents of the series I alloys.

Alloy Mn Al C Cr Fe o %
A’ (Ave.) 24.4 9.96 0.40 0 bal. 46
(@) 23.9 8.10 - 0 - —
o 27.8 7.20 - 0 - -
C’ (Ave.) 26.6 9.29 0.43 3.1 — 50
(@) 25.2 9.60 - 3.4 bal. —
©) 29.1 8.10 — 3.5 - —
D’ (Ave.) 27.7 8.90 0.42 5.9 — 60
@) 28.7 10.1 — 6.6 bal -
®) 33.2 8.40 — 6.7 — —
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Fig. 1 TGA diagrams of series I alloys A, B, C, D,
and E at 800°C for 6 hours.
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Fig. 2 TGA diagrams of series II alloys A’, C’, and
D’ at 800°C for 6 hours.
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Fig. 3 Metallographs of the cross section of oxide
layer on alloy A oxidized at 800°C for (a) 2 hr
and (b) 6 hr.
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Fig. 4 Metallographs of the cross section of oxide
layer on alloy C oxidized at 800°C for 6 hours.
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Fig. 5 SEM micrographs of the cross section of oxide
layer on alloy A oxidized at 800°C for (a) 2 hr
and (b) 6 hr.
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Fig. 6 SEM micrographs of the cross section of oxide
layer on alloy A oxidized at 800°C for 6 hours.
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Fig. 7 The cross section of oxide layer on alloy C oxidized at 800°C for 6 hours (a) SEM micrograph,

and x-ray mapping for (b) Mn, (c) Al, and (d) Fe.
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Fig. 8 The cross section of oxide layer on alloy C
oxidized at 800°C for 6 hours. (a) SEM
micrograph, and x-ray mapping for (b) Mn, (c)
Al, and (d) Fe, and (e) Cr.
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Fig. 9 Metallographs of alloy C heated to various temperatures (a) 400°C, (b) 511°C, (c¢) 600°C, 8 min, and

(d) 600°C, 70 min.

TETA «B<C«D<E - HELFEEE R4 F
y tHZ 2 o

2. RAIN &% BEESAENTTE At
TREIA’<C'<D’ » $&HIIRINESRLE sh7ERTT
=M= |

i

FERESERGEZEE , HIFENSC 83-
0115-C007-01-009E » 71k 2 i A f LR gy
ELGEEERBEHNEBHEL -

Ellllli!

=

253

I.1. F. Tsu and T. P. Perng, Metall. Trans. A,
22A(1991)215.

2.S. T. Shih, C. Y. Tai and T.P. Perng, Corrosion,
49(1993)130,

3. M. Ruscak and T. P. Perng, J. Marine Sci.
Technol., 1(1993)1.

4.S. T. Shih, I. F. Tsu and T. P. Perng, Metall,
Trans. A, 24A(1993)459.

5. M. Ruscak and T. P. Perng, Metall. Trans. A, (in
press).

6. P.R.S. Jackson and G. R. Wallwork, Oxid. Met.,
21(1984)81.



et TR BABE=ZH RKEFIA

7.C. J. Wang, PhD Thesis, National Tsing Hua 8. C. H. Kao, PhD Thesis, National Tsing Hua
Univ., 1988. Univ., 1987.

— 148



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

