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Tablel Chemical composition of experimental alloys (w/%)

Alloy Cr Al C N S Fe

13Cr 12.94 4.83 0.006 0.002 0.005  Bal.

15Cr 14.86 4.91 0.005 0.004 0.005  Bal.

17Cr 16.64 4.96 0.004 0.006 0.005  Bal.

18Cr 18.13 5.11 0.005 0.008 0.003  Bal.
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Bl1 FexCr5Al &4 OM )1
Fig.1 OM images of 13Cr (a), 15Cr (b), 17Cr (c), and 18Cr (d)
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Fig.2 Oxidation kinetics curves of FexCr5Al alloys in high
temperature steam at 1000 ‘C (a) and 1200 C (b)
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Fig.3 Aw’-t curves of FexCr5Al alloys in high temperature
steam at 1000 C (a) and 1200 'C (b) for 2 h
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Table2 Oxidation kinetics parabolic rate (&) of the alloysin

high temperature steam (mg*-dm™-min™)

Alloy 1000 C 1200 'C
13Cr 27.79 50.10
15Cr 25.12 40.30
17Cr 16.49 36.05
18Cr 13.76 25.27

2.3 F|ALEEYHE XRD 44f

Kl 4 5§ FexCr5Al & 453 HI7E 1000 F1 1200 CZ
R EESA 2 h J5/ XRD i, fJLEH, £
1000 CHEALE, 7E Cr &5 < 15%MEALHFE 5 A Il
B LHAE AT S, 23 0l BRI a-Fe HEARIE AL
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Fig.4 XRD patterns of FexCr5Al alloys after high temperature
steam oxidation at 1000 ‘C (a) and 1200 ‘C (b) for 2 h
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Bl5 1000 Craii 28V AL 2 h 5 LB T SEM 1 v
Fig.5 SEM images of surface morphologies of the oxide films formed on 13Cr (a), 15Cr (b), 17Cr (c¢) and 18Cr (d) alloys after high

temperature steam oxidation at 1000 C for 2 h
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Kl 6 1000 C i 287 A 2 h JE UL IR TR EDS I 43 i
Fig.6 EDS mappings of the oxide films formed on 13Cr (a), 15Cr (b), 17Cr (c) and 18Cr (d) alloys after high temperature steam oxidation
at 1000 ‘C for2 h
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Fig.7 SEM images of surface morphologies of the oxide films formed on 13Cr (a), 15Cr (b), 17Cr (c¢) and 18Cr (d) alloys after high

temperature steam oxidation at 1200 C for 2 h
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Bl 8 1200 Cif 287 A 2 h JE M EUL I ZK TH EDS I 43 i
Fig.8 EDS mappings of the oxide films formed on 13Cr (a), 15Cr (b), 17Cr (c) and 18Cr (d) alloys after high temperature steam oxidation

at 1200 ‘C for2 h
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Fig.9 HAADF images and corresponding EDS mappings of the cross-sectional oxide films formed on 13Cr (a) and 18Cr (b) alloys after

high temperature steam oxidation at 1000 C for 2 h



38

KM FexCr5Al & & R IKE R A AT i A 2337 »

. (hbi) (IOIE)

* (1010)

hep-Al,0% [El}i} .

#(0110)
(ifuu) -
o (1010)

L]

.
hep-ALO, (0001]

B 10 13Cr 47 1000 C i A&7 AL 2 h s i 5 A0 B T B s B R Hr 45 2R
Fig.10 TEM-BF morphology (a), amplified TEM images and SAED patterns (insets) (b-d) corresponding to areas B-D in Fig.10a, and the

HRTEM images and FFT patterns (insets) (e-f) corresponding to areas E in Fig.10c and F in Fig.10d in the oxide layer formed on

the 13Cr alloy after high temperature steam oxidation at 1000 ‘C for 2 h
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Bl 11 18Cr &4 7E 1000 C iR Z VR A AL 2 h J5 IR 5 Ak R A T 2 A 4 23 0 i 45

Fig.11

TEM-BF morphology (a), SAED patterns corresponding to the area B (b) and area C (c), HRTEM images of area D in

Fig.11a (d), and FFT pattern of area E in Fig.11d (e) in the oxide layer formed on the 18Cr alloy after high temperature

steam oxidation for at 1000 ‘C for 2 h
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LS pm, Ui BAER T S A RN, Cr &
WA A 4 AL R B PR AIK; 13Cr &4 O/M FHH R AR
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Uf; IR 2 Fpé S LN 5 HBLFLER . EDS Zr#fr R

B, 2 fi & &A il Al A4 13Cr &4 OM
FLH AL ERILT Cr ESE, 5 1000 C45 R —5.

13 A1 14 4359 13Cr A1 18Cr & 42 7E 1200 C
AL 2 hJE AT B e . Xt 2
GEEAR Al FABRLY SAED T6#E 53 K I,
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5 (] 13b~13c F1E 14b~14c).
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Fig.12 HAADF images and the corresponding EDS mappings of the cross-sectional oxide films formed on 13Cr (a) and 18Cr (b) alloys

after high temperature steam oxidation at 1200 ‘C for 2 h
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Fig.13 TEM-BF morphology (a) and SAED patterns (b-c) of the oxide layer formed on the 13Cr alloy after high temperature steam

oxidation at 1200 C for 2 h
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Fig.14 TEM-BF morphology (a) and SAED patterns (b-c) of the oxide layer formed on the 18Cr alloy after high temperature steam

oxidation at 1200 ‘C for 2 h
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RAEDIF A8 AL Y R T AL, 5 46, 7E 1200 C

FULEIE T Fe. Cr SR RDY, T T8
R Fe & B /b , A8 TR 1 S0 H 528 7 B A8 1l o . —

B EA R MR ALO; I .

£ 1000 1 1200 C i Z& A ALY, 4 M &R
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Fig.15 Schematics of high temperature steam oxidation process of FexCr5Al alloys in heating stage (a) and isothermal oxidation stage at

1000 (b) and 1200 C (c)
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(a) 1000 'C and (b) 1200 C
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Oxidation Characteristics of FexCr5Al Alloys Under Simulated Loss of Coolant
Accident Condition

Zhang Wenhuai', Yao Meiyi', Lin Xiaodong’, Wang Haoyu', Liang Xue?, Li Yifeng®, Hu Lijuan', Xie Yaoping'
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: FexCr5Al (x=13, 15, 17, 18, wt%) alloys were prepared and exposed to high temperature steam at 1000 and 1200 ‘C for 2 h. The
high temperature oxidation behavior of the alloys was studied by a simultaneous thermal analyzer. The microstructure and composition of
the oxide film after oxidation were analyzed by XRD, FIB, EDS and TEM. It is found that the oxidation kinetics of the alloys at two
temperatures follow a parabolic growth law. The parabolic rate constants of the alloys are decreased with the increase in Cr content, and the
high temperature steam oxidation resistance of the alloys are improved. The ridged oxide films mainly composed of a-Al,O; are observed
in the four alloys. In comparison with the low Cr alloy, the pores of the oxide film are reduced, and the bonding force of the oxide/matrix
interface is improved in the high Cr alloy. Consequently, the compactness and adhesion of the oxide film are improved by increasing the Cr
content, which promotes the formation of a dense Al oxide film and enhances the high temperature steam oxidation resistance of the alloy.

Key words: FeCrAl alloy; high temperature steam oxidation; microstructure; oxide film
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