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Table 1 Chemical composition of experimental alloys (wt%)

Alloy Cr Al Y C N S Fe
0y 12.94  4.83 - 0.006 0.002 0.005 Bal
03Y 1282 495 026 0.006 0.005 0.002 Bal
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Fig.1 XRD patterns for 0Y and 0.3Y alloys
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Table 2 XRD characteristic peak parameters (diffraction angle

20 and interplanar crystal spacing d) and average lattice

constant (a) of a-Fe, 0Y and 0.3Y alloys

Crystal plane index (hkl)
Alloy (110) (200) (211) alnm
20/(°)  dmm  20/(°) dnm  20/(°) d/nm

a-Fe 44.673 0.20268 65.021 0.14332 82.333 0.11702 0.286 64

0Y 44.473 0.20355 64.382 0.14459 81.623 0.11786 0.28858

0.3Y 44320 0.20421 64.428 0.14450 81.557 0.11794 0.28890

100 mm

B2 oY F10.3Y &4 OM i )1
Fig.2 OM images of 0Y (a) and 0.3Y (b) alloys

B H,0.3Y AR RGO B IRFIEIIREE —AH , IRAK
I TEr e, PR 214 nm(B13b), 454 EDS 73414

(RDAAEZNEY 5 M1 0Y EEh AR R AT
TEE. N THIE B AHR AL R, R TEM/EDS/SAED i3
1770, B 4R ATIL,0.3Y B4 iss Al

3 0Y F10.3Y &) A BSE IR v
Fig.3 BSE images of 0Y (a) and 0.3Y (b) alloys

#303Y S &HE_HUEDS S SR (IR E 3b
P1,P2)
Table 3 EDS point scanning analysis of the second phase particles

in 0.3Y alloy (corresponding to P1 and P2 in Fig.3b)

o Content/at%
Position
Fe Cr Al Y
P1 68.3 6.6 13.6 11.5
P2 68.1 6.9 13.8 11.2

TLHH Y Fe A ALJG 2 4L, AR 25 89 9 75 75 (hep) 1)
AlFe Y, XUBHAINY PGS EVAT ALY &,
3.2 HMIBE

0Y F10.3Y & 47 1000 F1 1200 C7%35 HH4E IR 2 h
Absh L s R, B AR E S FiE
A 2R 22 1 B AwP-t < R 2R (P 6) N ELZR , 6
2R G & R IR S BN ST R G I R . 2 MG

ement Content/at%
0 .

2) (D)

-

(120)

hep-ALFe,Y,[423] *

4 03Y &P E ARSI E R S T
Fig.4 TEM image (a) and SAED pattern (b) of the second phase particle in 0.3Y alloy
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FAEAEL/INAFLIR . X R BIE G A Il Y mT DA 1l S A
HARIESHITE o
3.5 S{LIEEEEMER

0Y F10.3Y & 4 7E 1000 F1 1200 C 7% 5 1H iR %1k
2 h & AL R % T HAADF & & EDS Jt % [fi 41 4t o
B 10 FIE 11 Bros . ATRUE H,0Y & & 7E 2 Mk fF
ST B AR Ak R 35 ) LI 482, SRR IS P A FL B

100

a b

o 80F 80t
g [1)'4
% 60 60+
= oY 03Y
S 40t 40t '
et 0.3Y
s 20t 20}

or oF

0 20 40 60 80 100 120 140

Exposure Time/min

0 20 40 60 80 100 120 140
Exposure Time/min

Kl 5 Fel3Cr5AlxY & e iuifl E s )y 2k
Fig.5 Thermostatic oxidation kinetics curves of Fel3Cr5AlxY alloys in high temperature steam at 1000 °C (a) and 1200 °C (b) for 2 h
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(L4
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6 Fel3CrSALYY £ G Ei A 1 Aw?-r 2k
Fig.6 Aw’-t curves of Fe13CrSAlxY alloys in high temperature steam at 1000 °C (a) and 1200 °C (b) for 2 h
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7 0Y F10.3Y &l A AL 2 h A 9 XRD K1
Fig.7 XRD patterns of 0Y and 0.3Y alloys after high temperature steam oxidation at 1000 °C (a) and 1200 °C (b) for 2 h

Large granular oxide

8 0Y F10.3Y & 47E 1000 11200 °C i 28R P E IR AU 2 h J= LIRS R T SEM TE 3R
Fig.8 SEM surface morphologies of oxide films formed on 0Y (a—b) and 0.3Y (c—d) alloys oxidized in 1000 °C (a, c) and 1200 °C (b, d) steam

for2 h

B kTR B/ AR (O/MD FLTH A2, ST 3441
b 5 5 FE 4 ) 29 28 390 nm (1000 C D A1 2.0 wm
(1200 C), FEH AR, A NE S 77 78 /b 2 2
ALY, OM FHTH R X 3R Cr I & 4 0Y & & 1E
1200 C AL IS, OM Fr il K A T 8 A0 IR 5 5 44 1) )
B . 0.3Y &4 7E 1000 CHEAL I TE il 1 5 FEAN S5 5 1)
AL, A IS A B X 38 5 1] 8 R [ T [X 3% Y, &4
"N 900 nm, £ X I O/M FLTH P4, JEJE 214 310 nm.
0.3Y &4 1E 1200 “C &AL T Bl 1 J& FE 38 5 I S AL
Z)N 1.7 pm, OM FHEPHE H &5 &5 4. Wlldmy
AL A R IR Em A S B A S G

0.3Y & < 7 2 Pl 2 T % i i) S8 A0 JE =l ALATO
TEERHM . 03Y A& 471000 CHEALR, S A I JE X
BAFAE A /NFLBR GO HT Sk T, X BAAESE Y 1)
FAb Y Fe B ALY F Fe.Cr Al ALJE & S ALY, [5] 1 Al
AR IR [ I AR ) AR K 0.3Y A 4 7E 1200 C AL
B A AR AN LI AN RS, Z XA EE Y
A Fe A, XA RE R G &P ALK R,
U6 2R A I R AL 2 T B IR 3G R OF R A
B o

12~E 15 5 0Y F10.3Y & 417 1000 F1 1200 C 7%
PR E IR AL 2 h PR A TR T R DX ) S A A 2 0y
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9 0Y F10.3Y H7E 1000 A1 1200 "C i 267 ER AL 2 h IR AL RSP SR T EDS JTER 1 23 Af
Fig.9 EDS element mappings of the oxide films formed on 0Y (a—b) and 0.3Y (c—d) alloys oxidized in 1000 °C (a, c¢) and 1200 °C (b, d) steam
for2 h

Oxide film d ‘ !
Matrix  Detachment & . i
\i i | ; :

K110 0Y 5 <:7E 1000 F11200 °C i 287 IR UL 2 h (¥ AL AT HAADF 8 )7 &2 EDS 7T % [f 43 A1
Fig.10 HAADF images and EDS element mappings of cross-sectional oxide films formed on the 0Y alloy oxidized in 1000 °C (a) and 1200 °C (b)

steam for 2 h

Crack
\'\ N

Pore

Oxide Film

11 0.3Y & 427E 1000 F1 1200 °C it 2877 HHAEIR %016 2 h B9 A AL IR HAADF # 5 & EDS JT R TH 43 7
Fig.11 HAADF images and EDS element mappings of cross-sectional oxide films formed on the 0.3Y alloy oxidized in 1000 °C (a) and
1200 °C (b) steam for 2 h



7 FROCPREE Y X Fel3Cr5 Al & 4 i R 28 9K S A AT N I s i 1823 -

*
(1010)

12 0Y £ 1000 °C i A&7 PHE 0k 2 h ) S AL AR T 22 e 2 207
Fig.12 TEM image (a) and corresponding SAED pattern of area A in Fig.12a (a,); HRTEM images (b—c) and FFT patterns (inserts) of area B (b))

and C (c,) of the cross-sectional oxide films formed on the 0Y alloy oxidized in 1000 °C steam for 2 h

. - @
(0110) (0111)

. L ]
* ® 0

hep-ALO;s [2 1 IO]’

110 )

(1100)

hep-ALO; [0001] =

KI13 0Y A4 AE 1200 “C e 2875 E I 4800 2 h ¥ 040 A A2 23 4 b
Fig.13 TEM image (a) and SAED patterns of areas B (b) and C (c) in Fig.13a of the cross-sectional oxide films formed on the 0Y alloy oxidized
in 1200 °C steam for 2 h

rei . TR L 2 & 4:7E 1000 £ 1200 C A AL T 1000 C LI AL B AMUAEAE Fe B A THTC 3L T
SR R AR S B bR 2% HE 7S T (hep) S5 K4 Y o-ALO, 4H % » (fee) G54 1) FeO (I 12b) , HL7E 2 PPl FE 26144 F O/M 3t
0Y &4 AL N 54 i (B 12a F1 1 13) , 1 0.3Y & TR XA CrifE 5, N fee-Cr( Bl 12¢)50.3Y A& 1E
& AL FE IR 5 B 14a R 152) 50Y & &7 2R FEL, BN AEE Y 840, NIER
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4.1 FeCrAl&&ESRZSTHEKIITRE

0Y A10.3Y A 4:7E 1000 F1 1200 C 7%/ ER AL 2 h
TR B BN a-ALO,. AR, 0Y & 4:7F 1000 C
F0.3Y 4278 1000 F11200 “C A2 A0 I 1 1) S804 s ok 2

. (01TD)
«(0110)

O

hep-ALO; [2110]

L]

[0002] [2110]

' hep-Fe, 0, U)]T(” .

500 nm

[ IR AFAE /D B Fe A4k . FeCrAl & & % LI fE &
KA A (2~ [ B, FeCrAl & 4 £ THiR IS
FEH ¥4 Fe Cr F AL AL A B 10 2 AL IR B o T
1000 ‘C I, Fe.Cr 2> 4 4% K VA AL 5 1T 0-ALO, £ E
HA B4 %, Brbh 1000 H11200 C1HEIREAL 2 hIE SR H R
W B a-ALO, 20 . HAA Sk i AR 7E STk [45]
HVEAIHGIA , X BAFHIR . 5348,0Y 44175 1000 CTE
J A SE AR I AN 77 /b B Fe S840, IX W] BB 2 & & AL
FHIES 2 R I Fe S AL 0 I 5% B 0o IR R TR A&
1) Fe S AUMITE i 28730 E— 0 A s i 4 s, 13

.-
(110)
(100)

v
. )

YAIO#[001]

500 nm
e de
(220)

(()'21))

(200)
»

fee-Fe(Cr,Al),®4[001]

_

14 0.3Y £ <4 1000 “C iRyl 23 el U0 2 h ) U BB S Pk 203 i
Fig.14 TEM images and SAED patterns (inserts) of the cross-sectional oxide films formed on the 0.3Y alloy oxidized in 1000 °C steam for 2 h :
(a) hep-AlO,, (b) O-YAIO,;, (¢) hep-Fe,0,, and (d) fec-Fe(Cr, Al),O,

(110) &

(I;m (010)
e

n—\.‘\l(),[lNIIP

K15 0.3Y & 41E 1200 C i 287 P EIR EAL 2 h B EAL IR 2 A 23V B
Fig.15 TEM images (a—c), SAED patterns (inserts) (a—b) and HRTEM image and FFT (insert) of area C in Fig.15¢c (c,) of cross-sectional oxide
films formed on the 0.3Y alloy oxidized in 1200 °C steam for 2 h: (a) hcp-AlLO,, (b) O-YAIO,, and (c—,) hep-Fe,O,



7 W] FROCPREE Y X Fel3Cr5 Al & 4 i R 28 9K S A AT N I s i <1825«
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AR R A i — 25 O AL R T2 B FeO (T 35k on alo0on

FHAE ALEAL IR tp B8 0.3Y & 42 7E 1000 A1 1200 C &1k
Je B AL B AN A N 3 T Fe S ALY, XM iZ S & &
TR A EA RS

3Fe(s) + 4H O(g)HFe 0,(s) + 4H,(g) (2)
2Fe(s) + 3H,0(g) — Fe,0,(s) + 3H,(g) (3)
Fe(s) + H,0(g) — FeO(s) + H,(g) 4
2Cr(s) + 3H,0(g) — Cr,0,(s) + 3H,(g) (5
2Al1(s) + 3H,0(g) — ALO,(s) + 3H,(g) 6)
FeO(s) + H,0(g) — Fe(OH)z( ) @)
2Cr,0,(s) + 30,(g) — 4CrO,(g) (8)
2Cr,0,(s)+30,(g)+4H,0(g) —4CrO,(OH),(g)
(9

4.2 BETEYXFeCrAl&E€ SR

E;ur]

7£ 1000 F1 1200 CEALET , Fel3Cr5AlYY & &AL 3)
775 M 2 350 TG A 2 A , 1 B LR A R i
B s SR A R A i R 3R IR R T v R A 3
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Effect of Y on High Temperature Steam Oxidation Behavior of Fel3Cr5Al Alloy

Zhang Wenhuai, Yao Meiyi, Wang Haoyu, Wang Shaohan, Hu Lijuan, Xu Shitong, Xie Yaoping
(Institute of Materials, Shanghai University, Shanghai 200072, China)

Abstract: Two types of Fel3Cr5SAlxY with x=0, 0.3 (wt% ) alloys, denoted as 0Y and 0.3Y, respectively, were prepared in a vacuum non-
consumable arc furnace and exposed in 1000 and 1200 °C steam for 2 h. The high temperature oxidation behavior of the alloys was studied by
thermogravimetric analyzer with steam generator. The microstructure and composition of the oxide film before and after oxidation were analyzed
by XRD, FIB/SEM, EDS, and TEM. Results show that the addition of Y can refine the grains of FeCrAl alloys and form the spherical or elliptical
hep-AlFe Y, second phase. The oxidation kinetics of the Fel3Cr5AIxY (x=0, 0.3, wt%) alloys oxidized in 1000 and 1200 °C steam for 2 h
follows a parabolic growth law. The addition of Y can decrease the oxidation mass gain rate of the alloys. The oxide film of the two alloys is
mainly composed of a-Al,O, and a small amount of Fe oxide exists on the outside of oxide film. The second phase in the oxide film of 0.3Y alloy
is oxidized into YAIO,, Fe,0, and Fe(Cr, Al),0,. The ridged oxide film is formed on the surface of 0Y alloy. The oxide film of the alloy peels off
from the substrate under oxidation at 1200 °C. The oxide film on 0.3Y alloy is smooth and has good adhesion to the matrix. Therefore, the
formation of the ridged oxide film is inhibited by adding Y, which can reduce the oxidation mass gain rate and enhance the high-temperature steam
oxidation resistance of the alloy.

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