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Abstract: Pre-oxidation of four Fe-Al-Cr alloys under low oxygen pressures with zinc vapor at 900, 950 and 1 000 °C for 1 h
to 5 h was performed. The samples were pre-oxidized in Zn/ZnO Rhines packs. The packs produce oxygen pressures from
107! MPa to 107"® MPa. The results show that the phases formed on surface are ZnM204 (M : Al+Cr)+ZnO+a-Fe for Fe-
1.2A1-2Cr alloy, ZnM204+a-Fe for Fe-2A1-3Cr and Fe-3Al-4Cr alloys, ZnM204+M203 for Fe-3A1-6Cr alloy after pre-
oxidation at 1 000 °C for 1 h. With the increase of Al and Cr elements in the alloy, the surface oxides and the Al content in the
oxides increase rapidly. Additionally, the degree of surface folds decrease and the number of prominent a-Fe phases decreases;
o-Fe turns into a round granular. Extending the pre-oxidation time and raising the pre-oxidation temperature can both reduce
the surface a-Fe phase and promoting the growth of oxides area. Zn uniformly distributing on the surface can dissolve in the a-
Fe phase and react with the oxides of aluminum and chromium on the surface layer to form the ZnM>O4 spinel.

Keywords: pre-oxidation; Fe-Al-Cr alloy; oxide film

WisHH: 2018-01-16; 1EEIHH: 2018-04-09

L H AR HER: 2018-05-09 09:10; M4 AL : http://kns.cnki.net/kems/detail/11.3905.TG.20180509.0909.002.html

BIEE: B (1961—), T3 (D), Bz, W1; RAR: eIz ki, MERmAR; E-mail: sxping@cczu.edu.cn

BEEWE: FRKAKPEES (51471037, 51671036); TLIHEHIT RS A ABIADIFE R (17KIA430001); JLI534 75 8 TR

Fund: Supported by National Natural Science Foundation of China (51471037, 51671036), Major Projects of Natural Science Research of Jiangsu

Provincial Department of Education(17KJA430001) and Qing Lan Project of Jiangsu Province

SIscAg=: TUHTEE, XK, RAKZE, 25, Fe-Al-Cr A 4 7E & PR BMIREUR T IS L /B R DB AR, P E3RIE T/, 2018, 31(3): 27-35.
YANJY,LIUY, WU C J, et al. Surface morphology of Fe-Al-Cr alloy pre-oxidized under low oxygen pressure with zinc vapor[J]. China
Surface Engineering, 2018, 31(3): 27-35.


http://dx.doi.org/10.11933/j.issn.1007-9289.20180116002
http://dx.doi.org/10.11933/j.issn.1007-9289.20180116002

28 b B xR T LT IR

2018 4

illls

0 35

GJESE I N AR, R IAKES 4
JGE (Cr. Al, Si. Mn, Re) Kl &y L
HIRPUE B PERE . AR P S RN ST R
W o R AR PRI SR, TER TP MU 1 A AR
M AR I AZ 2R, X E R G ShiEl
A, S, N T RLEUR e B v AL
WAIMA RN A &R, SFELTEHEE
b, WAEMRSA B TEIRERRSEET, &
SR EREEFE, MR ARENESITTERHT
PIE L B e Bk SR, X2 T A 8Bk A
LWt Ik, XA 4 0 R IS N B R KR
TR, MR R T BT RGNS, A Fe-
Cr &4, B R AR R He & & (B
I, %) BEROA 12%, TsEkRH T E sk
HIVEHT, SEBRESRE T 17%, MifE 107 MPa &%
T Fe-9Cr(JE 4L, %) &4l IE iiiE 24
PRSI ) FH e P A b SR Bl 17 T3 48 A E
Jo S TARIREE i A B o Tf ol P R0 il e A b 235 45
FYRE ST Fujio™ P iF5E & BRAE R 0.3 ppm 4
SRS P WA 50 h 195 KA 9Cr (B4
B, %) BTE G Ze 2R A A B T A kot
H kB A S SRS A TR S P IR Y
SRR, TP UM TSR
JEIE A 2 #O5E, RS 4 E
ALY B R Bk ) s 2 e Pl AR,
Ha. H20. Oz, Na, COz fil CO'UI4E  BhFEH 4
1 AN, JTR P B B TR T
AP HGEE, Y BERENGETREMES
KRN, fEFREA BUE Y A E AL Rk
FEWEREZ, SWNPHEEAEETREEER
N, AR A A R A

H B2 A —2% Fe-Cr 5 Fe-Al 5 & 7EMAE T
PEPEE AL IIIFFEE 9, 5T Fe-Al-Cr &4, 13
J—BEr Al Cr JCE Y Fe-Al-Cr 4 1E4iE P 1y
SARAT SR A0S o H Al e 28 4 v v Rk 1) F
FEU D IRE DRI T A Fe-Al-Cr iR A 44
PR AL X KCL i AR, AR IR
Al, Cr & &M Fe-Al-Cr & & MELRIR D, X
HTEREUE T Fe-Al-Cr(Cr+Al<10%) 4 4x e #EE
FEARAT R, R TR A S R B U
R AL AL ROE O, MRAERE S

30 2 H AR ZE, AIRITRITE RIS
4. TR, &M Fe-Al-Cr 54485 % .
1 R I

BT A 4 4R K 99.99% fY Fe, Cr. Al 4
@RI, B 15 g, B A Fe-1.2A1-2Cr,
Fe-2A1-3Cr. Fe-3Al1-4Cr Fl Fe-3A1-6Cr (i &/
B, %) SIS PG R 3 il 5 7E L2 1 A
H1F 1000 °C ¥WEMBIR A 1 JE, Z )5 K IEZR
PIEHR KRN SRV 1 mm EWHR, o
WIZs 5t 400, 1000 F12 000 H (38, 13 1 6.5 pm)
MIRPAG, AlLOs MG, WK, fefa 2,
LSRR R G DR S T T

2% Ellingham K, 3£t Zn/ZnO #yfilk iz
WIEUE, [FIBA 4y Zn BezE BRI FER T, &
S BELFE AR PR A B PR FERY, i — D4R A A Y
it . Zn F1 ZnO BYLERE R 99.99%, WFEEIS)
JE RO, B 1 2.1, Al DR 2 0%
MR Zn Z875. TEIREE 900, 950 F1 1 000 °C
T, XPRAEHSE 10722, 1077 f1 107" MPa, i
IREFEISY 1, 2 F1S ho HIBEHTEE Zn F1 ZnO ¥y HE
56 & BT /NI, SR IE A
AP, BBCE TR, A TR
BRAMNEE, WESHCERE S, A E R, H
HVEISFEE % S Ranganathan!" VY55 IR0, ik
S EAT Zn/ZnOBSHE P A2 1S Zn 2895 M1
SRR, IR ROR B ERINE 1 PR ke E
U E TR AKE O B B I A 3R B AR IR, B
HE RV H F o RS A S R R . A
R BEAS A RETE EDS Mg ilbe R, 4 X 4
LATHHAIA

7

«— Quartz tybe

Fe-3Al1-6Cr sample

Alumina crucibles

M/M,O, powders pack

Bl R RoR

Fig.1 Schematic diagram of sample package



%3 JUSERE, 4. Fe-Al-Cr &4

TE & PRI AR S R P PR AL I R TR A5 29

2 HZR51TR

2.1 AERNEMNRESRLAINFMN
iz il Factsage7.0 1 #¥ Phase Diagramm #$&£t
LA FSstel £4 PETTAE T 7E 1 000 °C & Fe fi1Y Fe-

Al-Cr G4 HIE, 58K 2(a) Fias, FREc 4 f4
ST RETE bee-Fe H1IX . 28 X BFRAT S 09T,
fiE & a-Fe #H. & 2(b) } Fe-1.2A1-2Cr &451B &
0.10
Fe-Al-Cr
1000 °C, 0.1 MPa
0.08 |
éﬂ 0.06 %
% fec AE bce-A2
2 0.04 | f
5 &
0.02 |
0 0.01 0.02 0.03 0.04 0.05

Al/(Fe+Al+Cr) g/g
(a) Calculated phase diagram of Fe-Al-Cr

F 2 Fe-Al-Cr &

ACHE S RS ARZHEY, SRR/ NARETE], 200~500 pm
AN, HIRAERR. B 2(b) T HBLEIAS [R] AR A
JEE 2 H R ) 25 5 5 S Tl DR RS — BT B
BT Al CrocZEfEH, Fe-Al-Cr RELZ KA Sk
e LERORR, 5 R R R RS AR 22,
[€l 3 4 Fe-1.2A1-2Cr, Fe-2Al1-3Cr, Fe-3Al-
4Cr M1 Fe-3Al-6Cr 54 1E 1 000 °C. 107'*! MPa i
A 1 h JERERIEIE S . 18 B P FROE 34 A,

(b) Fe-1.2A1-2Cr alloy annealed at 1 000 C for 1 week

SRR IE 5 1R K SRS
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Table 1 EDS element analysis of the phases on the four alloys pre-oxidized at 1 000 C for 1 h (a!%)
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Fig.12 Surface oxide morphologies of Fe-3Al-6Cr alloy pre-oxidized at 1 000 °C for different time
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