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Effect of Rare Earth Cerium and Yttrium on the High
Temperature Oxidation Resistance of Austenitic
Heat-resistant Steel
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Abstract: The addition of trace rare earth elements can significantly enhance the oxidation resistance of alloys, but the ac-
tion mechanisms of different rare earth elements vary and have not been widely understood. In this paper, a differential
thermal analyzer was used to carry out continuous heating oxidation, isothermal oxidation, and cyclic oxidation tests on
heat-resistant steel. The results showed that the addition both rare earth elements w[Ce 0. 056% and w[Y ]0. 048% can
significantly improve the high-temperature oxidation resistance of heat-resistant steel. Combined with the results of analyti-
cal methods such as X-ray diffraction, scanning electron microscopy, and energy-dispersive spectroscopy, it was found
that: in the outer oxidation layer, the heat-resistant steel containing rare earth elements formed a dense Cr.03 layer and
FeCr204 spinel outer oxide layer; In the inner oxidation layer, the main component was SiO», while Y203 coexisted in the
inner oxidation layer of heat-resistant steel containing rare earth Y. Therefore, the influence mechanisms of rare earth Ce
and Y on the high-temperature oxidation resistance of austenitic heat-resistant steel are as follows: rare earth elements Ce
and Y can both promote the diffusion of chromium elements to the oxidation layer to form a dense Cr20s layer; rare earth Y
generates Y20; in the inner oxidation layer, which jointly exerts a pinning effect with SiO».

Key Words: Austenitic Heat-resistant Steel; Rare Earth Elements Ce and Y; High-temperature Oxidation Resistance;
Pinning Effect
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Table 1 Chemical composition of test steel %
wE C  Si Mn P S & N N RE
1" 0.083 1.35 0.70 0.018 0.001 20.67 11.13 0.17 -

0.056
(Ce)

0.048
(Y)

2% 0.089 1.36 0.68 0.021 0.001 20.78 11.07 0.18

3* 0.091 1.33 0.69 0.017 0.001 20.82 11.09 0.17
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Fig. 1  Oxidation curve during continuous heating process
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Fig. 2 Constant temperature oxidation weight gain curve at temperatures : (a)1 100 ‘C,(b)1 150 °C, (¢)1 200 °C
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Fig. 4  Diffraction pattern of the oxide powder that falls off the

crucible after 1 150 “C cyclic oxidation
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Fig. 5 SEM images of surface morphology of the oxide layer after 1 150 °C cyclic oxidation : (a) 1*, RE=0; (b)2*,w[ Ce]=0. 056%;

(¢)3*,w[Y]=0. 048%
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Table 2 Oxidation constants at different temperatures

Hs  WEC iy LB 1) /s HH2 LBSF B[]/
1* 107.25 1.000 0~1 500 43.70 0.987 1501~7 200
2* 1100 - - - 18.34 0.989 0~7 200
3* 104.24 0.995 0~2 400 22.23 0.996 2401~7 200
1* 261.67 0.990 0~1 500 53.10 0.977 1501~7 200
2* 1150 - - - 39.26 0.995 0~7 200
3* 137.14 0.998 0~1 500 41.72 0.998 1501~7 200
¥ 2299.98 0.998 0~1 500 353.76 0.999 1501~7 200
2* 1200 1191.57 0.998 0~1 500 136.94 0.999 1501~7 200
3* 307.11 0.995 0~1 500 149.53 0.996 1501~7 200

H A %

L% {1

OK | 2877 58.18
CrK | 1253 07.80
eh 280 10l

B9 4fbFTmH SEM B K EDS 4T : (a) 1%, RE=0; (b)2*,1[ Ce 1=0. 056%; (c¢)3*,w[ Y ]=0. 048%

OK 27.56 56.20 OK 23.86 51.08
SiK 00.45 00.53 SiK 00.61 00.75
CrK 28.61 17.95 Crk 40.49 26.67
MnK 00.78 00.47 MnK 11.44 07.13
FeK 41.95 24.50 FeK 19.91 12.21
NiK 0063 003s || NiK 03,69 Q215

Fig. 9 SEM images and EDS analysis of oxidation surface : (a)1*, RE=0;(b)2*,w[Ce]=0.056%; (c¢)3*,w[ Y]=0. 048%
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Table 3 Semi—quantitative analytical results of each
samples ,1 150 °C %
j=2 Fe,0, Fe,0, FeCr,0,
1*(RE=0) 48 43 9
2% (w[Cel=0.056%) 40 44 16
3*(w[Y]=0.048%) 55 33 12
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Table 4 Proportion of oxides in the oxide layer on the sur-

face of samples %
R FeO  Fe,0, Cr,0, Si0, NiO MnO

1*(RE=0) 50 3601 1399 - - -
2%(w[Ce]=0.056%) 47.76 18.04 29.72 1.76 1.56 1.16

3*(w[Y]=0.048%) 38.1 6.45 3165 1.78 51 16.92
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Table 5 The proportion of spinel oxide in the oxide layer

on the surface of the sample %
=822 Fe,0, FeCr,0, NiCr,0, MnCr,0,
1*(RE=0) 72.02 27.98 - -
2*(w[Ce]=0.056% ) 37.77 56.54 2.43 3.26
3*(w[Y1]=0.048%) 16.93 25.26 13.39 44.41
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Table 6 Comparison of element contents in Cr,0; oxide

layer %0
RS Cr 0 Fe Si Ni
1*(RE=0) 32.84 5929 489 298 -
2%(w[Cel=0.056% ) 3841  59.49 - 2.09 -

3*(w[Y]=0.048%) 38.57 57.12 2.92 0.70  0.69
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Fig. 10 Schematic diagram of oxide layer in the austenitic heat—resistant steel: (a)1*, RE=0; (b)2*, w[ Ce ]=0. 056%; (¢)3*, w[Y ]=

0. 048%
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