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Effect of Rare Earth Element Ce on Annealed Structure and
Thermal Fatigue Performance of Stainless Steel 409L

Dong Fang and Yang Yang
(School of Materials and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010)

Abstract The tested stainless steel 409L (/% : 0.01C, 0. 82 ~0. 86Si, 0. 26Mn, 0.002 ~0. 006S, 0. 034 ~0. 041P,
11.44 ~11.51Cr, 0.24 ~0.27Ti, 0 ~0.09Ce) is melted by a 10 kg vacuum induction furnace, forged to 30 mm x 30 mm
square billet, cold rolled to 2 mm plate and annealed at 1 100 °C for 5 min. The effect of Ce on structure annealed at 900
C for 30 min and on thermal fatigue performance between 900 °C and ambient temperature in steel 409L has been studied.
Results show that as the steel contains 0. 03% Ce, the annealed grain of steel 409L is fined and the thermal fatigue perform-
ance is best, as the Ce content in steel further increases, the annealed grains coarsen and the thermal fatigue performance
of steel gradually decreases. With adding RE element Ce the TiN and TiN-Al, O, compound inclusions basically eliminate
and the fined spherical titanium-nitrogen compound inclusions bearing Ce and Al-O-Ti compound inclusions bearing Ce
form, and adding excessive Ce, the amount of inclusions at grain houndary increases led to decrease the thermal fatigue

performance of steel.
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Fig. 1 Size of specimen for thermal fatigue test



556 3

B HH. W IUE Ce X 409L REHWIE K H R FUIGT 35 M Re gy =20 - 57 .

ATIARE , T e 4 2 SRR 7 4 B R B B T 11
RGO, BB BB 7 3 ANRRE 6 i ERLK
BE W48, 15 H S B RIDR SR I B 6 R thi &k
(B L-N pi£8) ", o5 RE b 4RBTEE , HE 1T 3
SeAb IR 15 , 5 F CARL ZEISS %! 4 #f B
PSRBT RS M

2 BER55H

2.1 KBS

RENLER TR 1 iR, Ce 1 IHE R
1%, B KUK 28.8% , F +- oL R AR 4 2+
Af TR, M B A BRI EE N, 5 5N
FJFROCE RN, T A BE 7 0 L 42050 S AR, 1
LR RR R, KENPREED
ZARMK,{H Ce MIREBH — L WEH, 4 Ce &
BUNG R A BRI, i LSS0
B LSRR, YA B R LE , M LI R
gt

i U ERUBRE =Y R YEwRLES
Fe 2P G HERFIN, B T CelEF Y42 R

&1 A8 409L RERUER ST /%

Table 1  Chemical composition of tested stainless steel
409L / %
w5 C Si Mn S P Cr Ti Ce

1 0.01 0.8 0.26 0.006 0.041 11.50 0.25 0

2#  0.01 0.8 0.26 0.006 0.036 11.51 0.26 0.0]
3*  0.01 0.8 0.26 0.005 0.034 11.64 0.28 0.03
4% 0.01 0.8 0.26 0.004 0.035 11.44 0.24 0.05
5 0.0l 0.85 0.26 0.002 0.036 11.48 0.27 0.09
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Fig.2 Morphology of structure of stainless steel 409L annealed at 900 °C for 30 min: Ce/% :0(a) ;0. 1(b);0.03(c);0.05(d) ;0. 09(e)
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Fig.3 Morphology of inclusions in stainless steel 409L non-added Ce (a) (b) and added

2.5 um

60 =
N-LI& Ce /%

'S w
=) =]
T

HYKE /pm
=

[~
=1
T

» 10 30 5.0 I 7I() . 910
B S5 R I /n
4 Ce Fhtxt 409L AW PR IFERER R
Fig.4 Effect of Ce content on thermal fatigue performance of
stainless steel 409L
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Fig.5 Morphology of thermal fatigue crack of stainless steel
409L, SEM
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Fig.6 Micro figure of evolution of thermal fatigue crack in stainless steel 409L: (a) occurring round-flat oxidized spot; (b) evolution of oxi-
dized spot; (¢) oxidation of grain boundary and carbides falling away and (d) thermal fatigue crack bridged and evolving
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