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Table 1 Chemical composition of AISI430 stainless steel ZHIEAZ R, T Cr,03 AL e ETERL T
(/%) TEREAE G, F1 A F2 IS E R F B0 5N

cr Si C s p Mn  Fe 1.13x107 1 1.22>107 mg® em™ s, W&/~ T FO kAE

16~18 0.7 0.12 0.02 0.04 1.0 Bal.
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J9 0.43, 0.40, 0.59 mg/cm?, 5 FO RkEMILL, #fr
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BRI SR AL B B B K W 2 ST A
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2 THT NI T 8 57 28 1 AR I, B B 5 5 A RS R A A 2 o
4801k 200 h J5 , FO & 4 #0371 B2 7% 58 0.51 mg/em?,
AL RIVE T, FL. F2 A F3 3RE 27 Th AR % 5
W2y 0.23, 0.11, 0.33 mg/cm?. 5 FO iRFEAHLL,
A7 TH AR R &= 2 k> T 54.9%, 78.4%, 35.3%,
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Fig.1 Oxidation kinetic curves of the samples oxidized at 800 ‘C
for 200 h in air: (a) mass gain per unit area as a function of
oxidation time and (b) square of mass gain per unit area as

a function of oxidation time
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Table 2 Parabolic rate constants fitted from Fig.1b (mg? em™ s™)

Sample FO F1 F2 F3
Kp1 2.95x10°  3.48x10°  3.23x10°  3.76x10°
Kp2 5.22x107  1.13x107 1.22x107  2.83x107
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Fig.2 Oxidation spallation curves of the samples
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Fig.3 XRD patterns (a) and lattice constant of MnCr,04 (b) of
the samples oxidized in air at 800 ‘C for 200 h
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Fig.4 SEM surface morphologies of the samples oxidized at 800 “C for 200 hin air: (a) FO, (b) F1, (c) F2, and (d) F3

R 3 E4PIREXBEDSH HER
Table 3 EDS results of the regions marked by 1~5 in Fig.4 (at%)

Region O (Error) Cr (Error) Mn (Error) Fe (Error) Y
1 (Fe-Cr) 13.43 15.37 (3.9%) 1.94 69.25 (7.3%)
2 (MnCr,04) 58.27 (2.7%) 27.26 (4.5%) 13.86 (2.9%) 0.39 0.21
3 (MnCr,0,) 54.70 (4.2%) 29.25 (2.4%) 14.05 (1.9%) 1.32 0.67

4 (Cr203)
5 (MnCrzO4)

57.35 (4.4%)
54.04 (5.4%)

38.76 (3.1%) 2.78 0.97 0.13
29.06 (2.0%)

14.68 (2.8%) 1.24 0.97
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W% AR 1) T Z O SR I AN R A DL Rk
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AWMLY Ja, RN ERFALE RN I T 2
Bk, RRBTHL Y B, f£aeRmitsks
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Fig.5 SEM images of cross-section of the samples after oxidation at 800 °‘C for 200 h in air: (a) FO, (b) F1, (c) F2, and (d) F3
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Fig.6 SEM morphologies of F2 sample during oxidation process at 800 ‘C for 2052 s (a), 2474 s (b), 2885 s (c), and 3448 s (d)
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Fig.7 XPS spectra in Y 3d region for F2 sample oxidized for 1 h
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Fig.8 TEM images of cross-section of sample FO (a) and F2 (b)
after oxidation at 800 ‘C for 3 h in air
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Table 4 EDS analysis result of the regions marked by
rectangle in Fig.8b (at%)

Region 0 Cr Mn Fe Y
1 57.83 37.15 4.66 0.35
2 59.62 26.95 12.78 0.48 0.16
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Effect of Rare Earth Y on High Temperature Oxidation Resistance of AIS1430
Stainless Steel

Cai Wenjun, Shen Zhengjun, Zhan Zhaolin

(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Different doses of rare earth Y were implanted on the surface of AISI430 alloy by ion implantation and the effect of Y on the
high temperature oxidation resistance of AISI430 alloy was investigated,. The characteristics of oxide scales were investigated by scanning
electron microscopy (SEM), transmission electron microscope (TEM), X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD). The
oxidation process was observed in situ by VL200DX ultra high temperature confocal laser scanning microscope. The results show that
when the dose of rare earth Y implanted on the surface of the alloy is 6 X 10'7 ions/cm? the mass gain and the amount of spalling per unit
area of Y-implanted samples reduce by 43.7% and 78.4%, respectively, compared with the un-implanted Y samples. Y ions on the alloy
surface oxidize to Y,Oj preferentially, which promotes the formation of oxide film and inhibits the grain growth. In addition, Y03 at the
grain boundary hinders the diffusion of metal cations through the grain boundary. Importantly, Y substitutes for Mn?*and Cr** in MnCr,O,4
spine, resulting in the formation of vacancy defect. It relieves the internal stress of oxide layer and reduces the generation of cracks and
holes, making oxide layer bond with the substrate closely.
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