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Table 1 Oxidation resistance of alloys at various temperatures

Temperature/’C_ Rate/grm™h’’ Evaluation
800 0.018 Completely oxidation-resistant
900 0.065 Completely oxidation-resistant
950 0.031 Completely oxidation-resistant
1000 0.009 Completely oxidation-resistant
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Fig.2 Oxidation dynamics curves at high temperatures: (a) 800 ‘C, (b) 900 C, (¢) 950 C, and (d) 1000 C
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Table 2 Oxidation dynamics equations of alloys at various
temperatures

Temperature/ 'C Oxidation dynamics equations

800 AG*=0.158571+0.60588
900 AG*=1.358851-1.62133

950 AG*=2.208271+16.13195
1000 AG*=2.71999++8.89508

In4=17.12788
-Q/R=20147 54

8.0 8.4 8.8 9.2
T/x10*K!

3 A InK-(1/T) KR E
Fig.3 InKry as a function of 1/T in alloy

ebec, a eCr0, b
0 bee, * TiO,

5 . Cr0, v Fe,0,

< L
~ TlO,

> 2
‘@

=i

2

=

= *

KETITN
20 40 60 80 100 20 40 60 80 100
* a-AlL O, (primitive) ¢ ¢ bee, d
v a-AL,0, (R3¢) O bee,

= * * TiO, * a-Al O, (primitive)
o " a-ALO (R3c)

2

‘B

=

8

=

20

20/(°)

40 60 80 100
20/(°)

K4 RERE T A48 100 h J5E AL XRD 43 #7445 3
Fig.4 XRD patterns of the oxides after oxidation at 100 h at various temperatures: (a) 800 ‘C, (b) 900 C, (c¢) 950 ‘C, and (d) 1000 ‘C
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Fig.5 Oxide morphologies after oxidation for 100 h: (a) 800 C, (b) 900 C, (c¢) 950 'C, and (d) 1000 C
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Fig.6 SEM images of the oxides in area A (a) and B (b) of Fig.5a
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Table 3 Composition of oxide after oxidation at
800 °C in Fig.6 (w/%)
Area O Ti Cr Al Fe Ni
A (spectrum 23)  36.2 19.5 26 0.7 15.6 2.0
B (spectrum 20) 49.7 473 1.5 0.8 0.6 0.2
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Fig.7 SEM images of the oxides in various areas after oxidation

for 100 h: (a) 900 ‘C and (b) 950 C
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Table 4 Composition of oxide after oxidation at 900 and
950 °C in Fig.7 (at%)

Spectrum (0] Ti Cr Al Fe Ni
33(900 C) 7136 173 232 232 593  0.66
43(950 C)  39.7 9.3 9.8 32.2 7.9 1.2
45950 C)  67.8  26.7 1.8 1.8 1.5 0.3
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Fig.8 SEM image of the oxide in various fields after oxidation at

1000 °C for 100 h
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Table 5 Composition of oxide after oxidation at 1000 'C in
Fig.8 (at%)

Area O Ti Cr Al Fe Ni

Spectrum52 74.0 18.0 1.0 5.8 0.4 0.2
Spectrum54 49.0 5.5 5.1 37.3 0.6 0.2
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Fig.9 Oxidation layer (a) and after EDS map scanning oxidation
at 1000 ‘C for 100 h: (b) Al, (¢) O, and (d) Ti
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Oxidation Behaviors of FeCrNiAl High Entropy Alloy and Its Microstructure Evolution

Liu Yong'?, Zhu Jingchuan'?, Zhao Xiaoliang'?, Zhou Yi'?
(1. Harbin Institute of Technology, Harbin 150001, China)
(2. National Key Laboratory for Metal Precision Hot Processing of Metals, Harbin 150001, China)

Abstract: The oxidation behaviors of FeCrNiAl high entropy alloy at high temperature were investigated, and the oxidation kinetics
model was constructed. The phase structure, morphology and composition of the alloy were characterized by XRD, SEM and EDS, and the
oxidation mechanisms were analyzed. The results show that the alloy is fully oxidation-resistant at 800~1000 °C. The average oxidation
rate in 100 h increases with increasing temperature at first and then decreases; it at 1000 °C is smaller than the one at 800 °C. The
relationship between mass increment and oxidation time for all temperatures meets the parabola function, and the oxidation active energy
is calculated to be 167.507 kJ/mol. The oxidation products in dendrite at 800 °C are bar-shaped TiO, with rutile structure, while the
interdendritic products are Cr,0O3 and TiO; which is plate shaped. The oxidation products at 900 °C are TiO,, Cr,03 and Fe,03, while TiO»
and a-Al,Os3 at 950 °C are observed. Only tight a-Al,Os film is obtained on the surface at 1000 °C, which results in excellent oxidation
resistance.

Key words: high entropy alloy; FeCrNiAl alloy; high temperature oxidation
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