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Effect of grain control of Fe-Al-Cr alloy on its resistance to high

temperature oxidation
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Abstract; Fe-Al-Cr alloy has wide application prospects with its good resistance to high temperature
oxidation, but it usually has the problem of coarse grains. In this research, by adding austenitizing
elements such as nickel, carbon and copper to the Fe-Al-Cr alloy, the FeCr phase was formed during the
cooling process, which hindered grain growth and the grain size could be controlled within 100 pm. The
formation mechanism of oxide film and the effect of grain control on the high temperature oxidation
resistance of Fe-Al-Cr alloy were discussed. The Fe-Al-Cr alloy oxidized for different oxidation time at high

temperature was observed by metallography and it was found that the alumina film preferentially formed at
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the grain boundary, and the increase in the number of grain boundaries was favorable for the formation and
growth of Al,O;. Electron microscopy scan and energy spectrum analysis revealed that (AlyyCr,,). 05 and
Al, Oy formed a multilayer oxide. Combined with the first principle calculation, it is concluded that the
multilayer oxide is formed on the surface of the alloy due to the diffusion of Cr, which is helpful to
improving the high temperature oxidation resistance of the Fe-Al-Cr alloy. It is confirmed that the Fe-Al-Cr
alloy with a smaller grain size has better resistance to high temperature oxidation.

Keywords: high alumina steel; topological dense phase; grain refinement; high temperature

oxidation resistance
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Table 1 Composition of experimental steel %

il kE g 5 w(Fe) w(AD w (Cr) w (Ni) w (C) w (Cuw) w (Si)

1% Bal 7.91 13.17 6.65

2% Bal 12.25 10.29 2.11 0.20

3 Bal 8.68 10.62 2.61 0.12 2.33

4 Bal 8.46 8.76 0.81

5 Bal 9.72 8.68

6+ Bal 5.37 9.06 0.47

7 Bal 4.71 8.38
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Fig. 1 Metallography of Fe-Al-Cr
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Table 2 First-alloy high-temperature oxidation resistance test results

RS > AL BT/ g FALE iR /g HAMEE/(g-h™ - m™  FRARR T/ pm

12 6.720 8 6.721 0 0.026 7 86.732 6
2% 7.739 3 7.739 7 0.048 0 93.501 3

RE= 7.493 3 7.496 4 0.413 3 102.873 9




% 8 4 HBRTF,.F . FeAILCr 420 B BEEH T ARG BEARG G 67

gE2
ARG FALHT BT/ g FlefEmaE/g AAEE/ (g« h ! em?) SRR/ pm
48 6.886 2 6.878 6 —1.013 3 93.233 1
5% 7.654 9 7.760 1 14.026 7 5 208.626 0
6% 7.642 8 7.644 0 0.160 0 3180.890 0
T# 8.281 2 8.339 0 7.706 7 4 369.755 2
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Fig. 3 SEM of Fe-Al-Cr
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Fig. 4 The relationship between alloying austenitization and Cr/Ni element equivalent ratiot':*!
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Table 3 Second-alloy high-temperature oxidation resistance test results

AHEG S AR/ e FERE /g BMER/ (g h e m ) FEERT/pm
14 6.685 0 6.685 5 0.066 7 86.732 6
2% 7.699 3 7.700 0 0.072 0 93.501 3
34 7.461 2 7.461 9 0.093 3 102.873 9
i 6.808 7 6.814 5 0.773 3 93.233 1
5% 7.569 1 7.691 1 16.266 7 5208.626 0
63 7.549 9 7.551 4 0.200 0 3180.890 0
74 8.244 0 8.285 4 5.520 0 4369.755 2
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Fig. 5 Relationship between oxidation rate and grain size of Fe-Al-Cr alloy at high temperature
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Fig. 6 Alloy thermogravimetric analysis
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Table 4 Changes in the total energy of the interface with the diffusion of
Cr at the Fe(110)/A1,0; (0001) interface

LAY E./eV
a 15 537.906 6
b 17 075.889 2
c 17 075.921 2
d 17 076.682 5
e 19 362.119 6
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B AL (GGA) Hh PBE JE 2UH A it A8 5% 3508 A 25 H 7 047 4 348 L 7 16 0 B BB B 340 eV, A7 B IX.
K SHUEE 5 X5 X 1L, R R PR 7 RAERICSUEIR 2.0 X10 ° eV, AR T FA K T 0.05 eV/nm, A%
WA /NF 0.02 nm, B SR 2/NF 1 GPa, HH R, o Ak MRS, PR Z b B K% 8 A ek
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