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The Effect of Al Additions on the Cyclic Oxidation Behaviour
of Fe-Cr Alloys

C. S Lim, S. C. Choi, D. B. Lee

Dept. of Metallurgical Eng, Sung-Kyun-Kwan University, Suwon 440-746

Alloys of both (85-95) wt% Fe-(5~15)wt% Cr and (82~94) wt% Fe-(5~15) wt% Cr-(1~3)
wt% Al were cyclically oxidized in air between 1000T and 1250C. The oxidation of Fe-Cr-

Al alloys was different from that of Fe-Cr alloys, and was more oxidation resistant. Among

Fe-Cr-Al alloys, alloys having 3 wt% Al had better oxidation resistance compared with those
having 1 wt% Al. Especially, Fe-15 wt% Cr-3 wt% Al alloy had best oxidation resistance,
because inward diffusion of oxygen was considerably deterred owing to the formation of
the @-Al,O; layer from the initial oxidation stage. In Fe-(5, 10) wt% Cr-3 wt% Al alloys,

iron oxide nodules were observed on the surface as the protective a-Al;Os layer was partially

damaged. As the Cr contents increased, the number of nodules was decreased.

.4 B
5ol 4F S WA FEA, A
Ei gE)el A EE npARe] £ F4E

3L
o wha} o] Holol] H A7}t thdstAl A
FxA FFo2 AHEHE Fed §39) 712
Fe-Cr-Al2 24, ol& ¥F9Y 58 Wit
ae aAL0Y BEAY wfq Zlez
2 AUt 17 ¢-ALOE Cry0; Bt 444 =7}
%31, 1000C ol 4ke] 2R A% qkAslct, wiwel
Cry04t 1000T o149} 2504 344 CrOy, &
HAs AV, TS S F71FdA HEA Cr
(OH),(2) & ¥AsE Ao dejAdgich?

b AlLE Wel AH2bshd dAde] Aske 1,

AL O, 7] A 7he] bt A 2 of Fof] 2] 5 7)

o
=

[s]
i

F& gAHo] slch ety gL AbshA s}
AR =351E F UL F #ofyl,

A&7} el M AR A, Abde] &9
bk me Fol o] 253 ol o] AMEES
Aated, o)Wl AtstE T §F 748 Falxto]e
g growth stress”} A7tk =¥ o]F Zzte]
DA ATt d27] el 2 FH = =F thermal
stress’= WA R, o] R A WA H stressoll of3}o]
AbstEe] 4

o o Jz

o

L

Astee] ¢4, e, $e71A m=e
A Fol dold 5 o,

ool 2 ool 2= Fe-Cr g5l AlS ¥ 7}3}ed
F715el A A7) 2 Bl uhg-E el AlHEE A3}
A F Ao 2 A HE YA 7] AL g
< cyclic A3 AR & 3, B2} AbstEw it
woll A== Abstoute] AAg Fzabsta A A
T(growth mechanism)Z F9 3l -5 7= 3}

Az
B3



134 gz R4 e A22d A25z 1993. 6

29 7128 E AFstaA g, Z49)" A HEE ceramic boatlll &#HF L T

715 1000C, 1250C9 &2 FAHE ko 2

2, AEYdy A7k ASEA R g B ste] 2 AR 9] abstel o
FAHREE &), olzd AL uEdHe
Aol A4 ¥ie) E42 Table 10 viebH cyclic 4t3HE 6041 77HA] A 3bsivd.
o0, zZtzbe] FuE wi%el WA FAE HAHIY ABAY F FAHAELASEM)YE ] 834
¥ ak(pestle) ¢ H-P(mortar)& AH&3te] 304 ¥d7 e B2st2, EDSSH XRDE o] 45t
S 220 £ s ey R A3FE 24E s
9 ¥ Agoz kg 3] ALl
6000psi® uniaxial pressing dieE °]&3td 2 & 3. Ay Zop ¢ 13
10mm, ¥°] 2mm¢] YF3 pelletd WEN L™,
N TepeTee e 3.1 Fe-Cr 822l Cyclic M&HS
AYE AR Pl AUFF 10%torrd =9
3-8kl A sealing® 3hod 1250T el A 484175 <t Fig. 12 ¥71% 1000C9 thermal-cycling &4
245 o —
249 Ade 3o d¥#E A4 SicC 20 as‘SI
a8 88C
dviz] #6007H4 «dvlsledch. 12| alcohol # s ..,s:,:s:ezazazstaﬁ-” |
B oogee®” ad POUYRS
AR F m A L1049 o) 431 AHe] T Bt ot esseese
= [ oW PR S
& 24390, N
.':: —40 O—Q : Fe-5Cr ‘
& @@ : Fe-10Cr
L g 8% A4 Fe15Cr
Table.1 The characteristics of powders —120 4 |
- N flsol—~¢‘f:‘4.:¢"=%k—1~—o~§
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Fe BASF 4~5 99.5 Time (hr)
Cr Alfa 1~5 99.5 Fig. 1 Weight change/time curves for thermal cyc-
Al Aldrich 37~44 99.5 lic oxidation of the Fe-Cr alloys in air at 1000C.

Fig. 2 SEM photographs of appearances of the alloys oxidized for 60 hr at 10007T in air.
(a) Fe- 5wt% Cr (b) Fe-15wt% Cr
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Fig. 3 SEM photograph of the cross-sectional scale
formed on Fe-10wt%Cr alloy after oxidation in air
at 1000T for 60 hr. A: mount, B: scale, and
C : base metal.
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Fig. 4 Weight change/time curves for thermal cyc-
lic oxidation of the Fe-Cr alloys in air at 1250,
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Fig. 5 Weight change/time curves for thermal cyc-
lic oxidation of the Fe-Cr-Al alloys in air at 1000TC.
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Fig. 6 (a) SEM photograph of the cross-sectional scale formed on Fe-10wt% Cr-3wt%Al alloy after
oxidation in air at 1000T for 60 br. (b) Fe image (c) Al image.
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Fig. 7 SEM photographs of the iron oxide nodule formed on Fe-10wt% Cr-3wt%Al alloy after oxida-
tion in air at 1000T for 60 hr. (a) Overall view of the nodule (b) Enlarged view of area A (c)

Enlarged view of area B (d) EDS spectrum of area B

LTS T

Fig. 8 SEM photograph of the cross-section of an
iron oxide nodule formed on Fe-10wt% Cr-3wt
%A alloy after oxidation in air at 1000C for 60
hr.
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Fig. 9 SEM photograph of the cross-section of Fe-
15wt% Cr-1wt%Al alloy after oxidation in air at
1000T for 60 hr.
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Fig. 10 Weight change/time curves for thermal
cyclic oxidation of the Fe-Cr-Al alloys in air at 1250

o

C.

dFo §A49 Ao}, 101D

Fe-(5,10)Cr-1Al #3& 713 watsido)
Aoz veten, 5 33 BF b9 AL
Fe,037F Eel] A== w53 48l AES By
o},

Fig. 102 3715 1250CN A cyclic A+3}E 2 &
Fe-Cr-Al &3¢ A1zt it FAUSE el
o, 1wt% Al & F#3 §Fol vlslA 3 wt%
AlS &5 FFel Aoz At glo] £ RS
& 4 gloh

3] Fe-15Cr-3Al §H&-& Z7)ol FAE B3 A
a-Aly 05 30 A H = Fatol = A3 AshA e
ZhARE, o 20417 o] F a-AlLO; Fo] 7hF| A
58 4t A" e 2 £ QU

Fig. 11& 1250Co| A 4r34A]7] Fe-15Cr-3Al &
o 2dAbste Hefolty, A $ &L Fe 4352
°|i, B & Fe A3t&3o] 448 F ALO; %)
&Y FEeln, Cx ALO; Fo] BEHow u
g Eo] §F7A7 eE =y Abgg ot

Fig. 12% Fe-15Cr-3Al §+9 &4 Pt mar-
kerg 232 T 1250C) 4 60217 EgF %3
o8 AERA|Z] A2 24 Pt markers® Fe-Cr spinel
el f1XE2 ol AE B 5 Uk o2 H o]

Fig. 11 SEM photograph of outer surface of Fe-
15wt% Cr-3wt%Al alloy oxidized for 2 hr at 1250
T in air.

A : Fe oxide, B : a-Al:O; layer and C : base metal.
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Fig. 13 Cyclic oxidation mechanism of Fe-Cr-Al between 1000~ 1250T.
(a) Initial oxidation. (b) Selective oxidation. {c) Spinel formation. (d) Final stage of oxidation.
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