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Effect of Si and V on high-temperature oxidation
resistance of Fe-Al-Cr alloys
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Abstract: In this paper, the high-temperature oxidation resistance of Fe-Al-Cr high-aluminium steel with
different alloying elements (Si, V) was tested by high-temperature oxidation test at 900 “C for 10 h. The
high-temperature oxidation resistance of Fe-Al-Cr-Si was better than that of Fe-Al-Cr and Fe-Al-Cr-V
alloys. Experiments revealed that the dynamic process of oxide formation, shedding and matrix oxidation
occurs in Fe-Al-Cr alloy in a high-temperature environment. The high-temperature oxidation resistance of
Fe-Al-Cr alloy mainly depends on the bonding strength of Fe/Al,O; interface, rather than the positive
correlation with the content of Al. The effect of alloying elements on interfacial bonding energy of metal/
oxide was calculated by density functional theory. The mechanism of the effect of Si and V on high-
temperature oxidation resistance of Fe-Al-Cr alloys was explained. The interfacial bonding force of Fe/
Al, Oy comes from the covalent effect of Fe-O, and Si can reduce the interfacial bonding energy from
—7.16 eV to —7.41 eV, which makes the bonding between Al,O; and matrix more closely. V can increase
the interfacial bonding energy to —6.06 eV, which will make the interface easy to fail, lead to the fall off of
Al;O;, and destroy the high temperature oxidation resistance of the alloy.
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Table 1 Composition of experimental steel %
TR G Fe Al Cr Si \Y%
#1 85.10 5.37 9.06 0.47
22 80.39 9.72 8.68 1.21
#3 84.93 5.91 9.16
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Fig. 1 XRD patterns of experimental steel matrix phase
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Fig. 2 SEM images of matrix phase
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GB/T 133031991 4 I Hi E ALk RE I 72 7 vk R M L % a2 S AR IR EE o 900 °C LEAUB IR 10 h, il AZS K.
AL SR . XRD 23 W S8 AL B 5y .
1.3 ZERFNERSHER

25 S 12 S MR AL ARl STAA49FS [l 5 #AMH A AE f K /N 3 mm x3 mm %3 mm, 4R 3 4k 45
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Table 2 Thermo gravimetric experimental protocol
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a #1.#2.%3 20 Eat TR B 5
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Table 3 Experimental results of air oxidation at 900 ‘C

- S T AR AALHT HAb )G B FE AL R S I A
L ;
/cem? /g /g /(geh ' em?) /(geh ' em?)

6.9 5.681 68 5.683 10 0.205 79

1 0.187 68
6.9 5.568 76 5.569 93 0.169 57
6.9 6.566 57 6.571 51 0.715 94

2o 0.615 94
6.9 6.596 90 6.600 46 0.515 94
6.9 6.096 40 6.099 22 0.376 00

#3 0.303 91
6.9 5.453 90 5.455 43 0.231 82
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Fig. 3 TG curves of experimental steels without oxides
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Fig. 4 TG curves of experimental steels with oxides
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Fig. 5 TG curve of #3 in argon atmosphere

B 5 e REWERIABE T LR RS A IR ENHL L THERARE T, &8/ A
Ak S 1T 23 B 501 L 5 B A 7

LI ZE AT LLE ) Fe-Al-Cr-V R B K AW 7% fic ™ L Fe-AL-Cr-Si R H fie /b b 5 5Lk
B RE .,
2.3 XRD i

XF 900 C 2 AL G 1 E BT XRD 404, 45 R UK 6~8.

Fe-Al-Cr-Si i FE7E 900 C &AM 10 h J5  RAFE R EZ N EMAAM 5 AL O, # 2 308 3R B K i 2
AL O, , Rl FLBAFTE aFe Bk 5 Fe, O, . 454 TG 4341 (K 4),Fe-Al-Cr-V il R E iR £, AR ALO,
LR 2 i IR L X AR R T VRN TR AW EEH XA FeAFCr 10 E2 )2 ALO,
fl Fe, O,



86

TR KFFR

% 42 A

1 000
800

600

=
& 400

200

6

800 -
700
600 -
500 |

400

TREE

300

200 -

100 -

-100

¢ a-Fe
® A0,

20

¢ a-Fe
& Fe,0;

>

40
20/(°)

HEH190CESTEUIREHNRENE

Fig. 6 XRD patterns of the compound phase on the surface of sample 1
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Fig. 7 XRD patterns of the compound phase on the surface of sample 2
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Table 4 The environment-sensitive embedding energy (ESE) of different atom

(V, Si) inside grain and at grain boundary

AT G2 IR R/ eV W Z R fiE/ eV
Si 0.867 2 1.398 3
\Y 0.460 3 0.470 6

HIZE 4 P, Si AV T2 3 &M I BRR SRR ANZ R 3l A SCHENL T SiRT VL RO i v 52 7Y
S AL Fe Ji 7 A8 2 B, LD BERL (9 S I RE i e B 0 R X Fe- AL-Cr & B Ak i 2
3.5.2 JFrE4 At

5L SV BT AL Fe TR A AEZMLILE S5,

x5 AAGEREHRNERELESHE
Table 5 Bonding energy in Fe/Al, O; with different embed-atoms

AR T E. a0,/ €V E.r./eV Eayo,/eV Ew/eV
Si —11 304.141 23 —9 648.586 56 —1 648.139 84 —7.414 48
\Y% —13 084.610 75 —11 430.671 13 —1647.870 43 —6.069 19
Jc —11 994.700 90  —10 338.752 51 —1 648.782 75 —7.165 64

WIS SE RO ik SiCR &8 /AL A 45 & /D THER V TR & m /AL Sk & 2L
4iAH a-Fe/AL O, FLIHSS G RE WAL 455 HINEEE AL Oy A5 WIEAAAL B 7% . 5 S8 45 3R (I DTG .
M Fe-Al-Cr-V 7ESL S il i A b M e 22 2 th T V TR B TE & &R 248 5 & 8 /AW i 45 5 BE 1l
AACY AT % .
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Fig. 9 Total density of states and partial density of states of Fe-Al-Cr-Si alloy
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Fig. 11 Total density of states and partial density of states of Fe-Al-Cr alloy

&6 Fe/ALO; REAZRRKMBMEKAEE
Table 6 Bonds length and population

Fe-Al-Cr Fe-Al-Cr-Si Fe-Al-Cr-V
P
s E #H/pm i fE e K/ pm T fEE I/ pm
Fe-O 0.63 183.102 0.61 186.021 0.59 186.233
Al-O 0.57 171.405 0.61 169.444 0.56 174.555
Si-O 0.18 259.130
V-O —0.01 284.313
Fe-Al 0.24 295.467 0.24 295.467 0.24 295.467
Si-Fe 0.81 237.774
V-Fe 0.40 239.062

K9 B Si TR ML LA T Fe JE 10 s BB SR T s BLEF Fe J5 1 s HLIBTE—10 eV 47 1 81
HE;SURETWp PUBE Fe M pHliES OJRFH p EHE—5 VAELGHMIMES. S5 EMT.S BN
5T Fe i s BUBHMEME] Fe-O 5 ALO 8,8 ALO SEE K A8 50, i R B3 K S TR T Fe/AL O, #t
145 A e .

10 KWV ILR B2 HBE e AE Fe 09 s BLUIE L HIS5 T Fe 9 s FLIEE —10 eV LbIE(E, 455
JEAHT . V-O [ B R A R —0.01, V JEFH O FFHZHEF J1,V It R B4 Fe-O Al AL-O [a] 4
KARK A R (B RS BI85 T Fe JRF A1 O JRFRIES & 1.8 T Fe/AL O, R 454 RE.

M 11 7] LUE H L AL AL Fe J8 70 p iS5 O 19 p PLBE A% E DOS EHAE —6 eV £ HBHEE  Fe
BT s EM OB T s iR A TES . U Fe-Al-Cr 822G PEEERIIESE ALO, WS kA
AL Fe JRF5 O JE 78 A 2075 H .

L LR ARHER ), Fe-Al-Cr & = AN 3L 1R 5 A bW LSS A BER F Fe-O ML 1E L Si 48 44l
ALFO B AR Fe/AL O, 255 RERAR S m 7 m i N m iR A/t W VISR B H T V-0 RIfFTE
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