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High Temperature Oxidation of Fe;Al-4Cr Alloys
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Fe-28%Al(Fe:AD # Fe-28%Al-4%Cr (Fe:Al-4Cr) 575382 tH71% 1073, 1273, 1473K & 2= 4 &

I 1747kA] AAIZE 445278 Fe;Al-4C0re] A3 ge TEH 02 FeAlst 79 wistAg, 47t 314t} Fe,Al $19l
WD AREL A £4¢ 0-ALOEZT FAH] UALH, FeAl-4Cr Holl BB AT & oF7hs) Fesk Cr o)¢o] 249
a-ALO:2 FA3se] Asich. op4tsletg AAE7] A8 AU R4t s AstE- A Aol Kirkendall 7|39}
2759k FeAl(-4Cr) Ede] ¥X® Astehe 1273K7b21s vlnd ko Uskgont, 1473K ol Abshete] sbejs) @7

Ao 8 2 FAZ5)7) st st

Abstract Intermetallics of Fe-28%Al(Fe;Al) and Fe-28%Al-4%Cr(Fe;Al~4Cr) were oxidized at 1073, 1273 and
1473K in air for up to 17 days. The oxidation resistance of Fe;Al-4Cr was basically similar to or better than that of Fe,
Al The oxide scales formed on Fe;Al consisted essentially of pure e~ AL,O,, while those formed on Fe;Al-4Cr consisted
of & Al:QO; having dissolved iron and chromium ions. The preferential outward diffusion of substrate elements to form
the outer oxide layer led to the formation of Kirkendall voids at the oxide- matrix interface. The scales formed on Fes
Al(-4Cr) were thin and dense up to 1273K, but they spalled easily at 1473K, accompanied by more weight gains.

Key words : Intermetallics, Iron-aluminide, Chromium, Oxidation, Scale

.M B

Fe;AlZ} FeAld E3sl: Fe-aluminidedl 47 3}
FEL F2 A I E 29 947 A 2
W3S vl o] 4] A4t Z o]#EE FH o,
7189 2337 v|dte] Fest Al FAHSAR s
=% 2AEF AR, AEY] S AVY, 22 FAAA,
v de, 34%dH, 5% 22AE 59 o= ARe
Y3 gleh.” =37, (Ti, Ni) -aluminided &<47F 338
3 vt AE g 2A Y AL dAde] WA 3
T, A 2A7FEel e HEE Aol F4-38
w, okt FFAAAIY 71 dAe]le o] d474de] st
S8h7] W] A ZEH A7) yelAe= =g A
AZ w3 Oak Ridge FPAF4E o|v] 2 Az} o
o] 8 Fe,Al-Cr-B-ZrAl AFES /tsto] A4
g u} gith o 2ol AAE= AT 2o 7A A E
A gatolulzt, WASAT WA o] A= BE kst
2 € plste e g, AFHE Al AlE )
F4 gol F72171e Aol Fou, FeAld 7 9dsE
dAde] A3lE7] WEol o]F AT ) Fasich weh4,
2 A7 FesAl A gl M= Ale] B& Fe-28%
AlEE 71 2A4oR 8o, 4%Cré 3715t Fe-28

%Al 59| A5 A v A= Cro} 9% A8kt

(2-5) % A7HE Cr& 2873587 9ox Fe,AlgHEol
#12] DOs-B2 Ho|LE & A4A1A 5499 Hile] o
L 2504 o] R XA FoZH FL2 AL L FA
A7) 2PAT, AL L 2272 F 53472, FeAl
FFol A FFEHE A ) 42 Juia 2§ A==
FrEste] A FE F3A 7= HAeE deix gl
Fe-28%Ale) AAH8 (2, 6) %Cr A2 A3L 3.7% 9
A 8-9% ol o2 fAAF o u® FAlpgall Yo e A
Pz F347c}E" DeVan® 52 1073K 9] oj7|F 45}
A Fe-28% A1 Bt} Fe-28% Al-4%Cr A9 24 F
o] o A, 1 & 170412 ool H3 0.15mg/
em’d AT & Zgkony SEM, X-4 EAjo] Er15T A
2 9o A7 At3lEof olF gkg-& R u3lgir}. o)
% 1073, 1173K ) m-2AtskA &S 3¢ Tortorelli®*'” &
2 FeAldle Al ofo] $83] B7] Wi &7 Al
0:3. 5 2o] 4A FA=H7] "o (2-6) KCri7H= 4
A & FFE 9XA e Bt o5l 9
34 Cre oA 27] At F2 d%E vy, Crofol
Z7V5E AbaETo o8 27 FAFe] Gt g1
AL0;9 ¥Ajo] EXFHA| T, AN A T F2 Fe-28
%AlRT 22 & A=,



7 7] 4.0 F B FeAl-4Cr ¥39) Z&4Hs} 35
Table 1. Chemical compositions of the prepared alloys
Designation Composition(wt%) Composition(at%)
Fe-28Al 84.4Fe-15.82A1-0.001C 72.05Fe-27.9A1-0.40C
Fe-28A1-4Cr 82.1Fe~15.74A1-2.26Cr-0.001C 68.8Fe-27.3A1-3.9Cr-0.40C
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Fig. 1. Optical microstructure of the prepared alloys. (a) FesAl,
(b) Fe;Al-4Cr. Etched with (5ml HF + 15ml HNQ;+ 80ml dis-
tilled water). Dark spots are etch pits.
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Fig. 2. Weight gain vs. oxidation time curves of Fe;Al and Fe,
Al-4Cr during oxidation between 1073 and 1473K in air.
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Fig. 3. X-ray diffraction patterns of the scales formed after oxi-
dation. (a) FeiAl-4Cr, 1073K for 6 days, (b) FesAl-4Cr, 1273K
for 6 days, (c) FesAl, 1473K for 6 days.
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Fig. 4. SEM images of top view of the scales formed after oxida-
tion. (a) FesAl-4Cr, 1073K for 10 days, (b) FesAl, 1273K for 16
days, (c) Fe;Al, 1473K for 6 days. In (c), A is the outermost
oxide surface, B is the fracture surface of ALO:; oxides formed,
and C is the oxide- matrix interface.

TEHOR FAer, HubHo g Akslez el 2)7}o]
F7VETE T ASE AAYLE Hxp 2o 2=, 4ks
£ el widsFe. AdEe] we® A9 (29 4
@), ©)elMe A% ALO: AP E 98 Adg-=
2 Al A Ale] F-gatel s PR 5 e vlA
g 71Fo] #EHAD. =¥, 2 4(c) 9] AFE EH
(ARAY), 45E sgdw (BAS) B@do4] o-ALO; AFS}
=L UAG 52 YAEE FAHH deE o T U

AEo) tigt Hodwd E oA ZE Al 1273K 7}
e df Arsiute) whele FA R, AbEae =)o)
Artdo 2 & i zo] Qo 74U FAY gkw Ay
g 2AE 72 des & A (29 5@), (). ¢l
E Atsluto]l thgk EDS A" Ed B4, Fe,Al-4Cr 2
Aol HAE a-ALO; Aspate o= HxaFe] Fes} o)
2o Cr& $#3txz 9lom (28 5(c)), FeAl A} $0
FAE AkgEre A9 48 - ALOEAT FAE 9
=& ¢ ¥ Ut (=™ 50)).



479

©) oka A’iKu

£
@
g
=
e
"E Cr-Ka FeKa
g e
1 1 1“ T
0 2.00 4.00 8.00
Energy (keV)
(d)
e
w
g
g
@
=3
g * Al-Ka
&
1 ¥ 1 LU
2.00 4.00 6.00 8.00
Energy (keV)

Fig. 5. Cross-sectional scales formed after oxidation. {a) SEM
image of Fe;Al-4Cr, 1073K for 10 days, (b) SEM image of Fe:
Al, 1273K for 16 days, (c) EDS spectrum of the oxide scale
shown in (a), (d) EDS spectrum of the oxide scale shown in (b).
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Fig. 6. Cross-sectional scales formed after oxidation at 1473K for 6 days. (a) SEM image of Fes;Al,
(b) EDS spectrum of the oxide scale shown in (a), (c) SEM image of Fe,Al-4Cr, (d) EDS line profile

of the oxide scale shown in (c).
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