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High Temperature Oxidation Behavior of Lc-Sr-31 (Fe-Based)
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Abstract The Lc-Sr-31 (Fe-based) alloy powder was deposited on the surface of the cast-steel material of a high-
speed train-brake disk via laser cladding to obtain a composite coating with high temperature oxidation resistance.
Optical microscopy, scanning electron microscopy, energy dispersive spectroscopy, and X-ray diffractometer were
used to study the oxide film microstructure and phase composition of the Fe-based cladding layer, which was
produced at different oxidation time at 650 °C. Furthermore, the mechanism of high-temperature oxidation
corrosion resistance was obtained. The results show that the Fe-based cladding layer and matrix material are
metallurgically bonded and there are no defects such as cracks and pores. After 100-h oxidation treatment at 650 ‘C,
the dense Cr, O3 and SiO, oxide films are formed on the surface of the cladding layer and there is no clear oxidation
mass gain. When the high temperature oxidation time is extended to 200 h, several discontinuous FeCr, O, spinel
oxides appear on the surface of the cladding layer, which provides continuous oxidation resistance for the matrix
material.
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Table 1 Chemical composition of substrate material and cladding powder

Mass fraction /%

Material -

C Si Mn Cr Ni Mo P S Fe
Substrate 0.34 0.26 0.67 0.97 0.02 0.16 0.011 0.004 Bal.
Lc-Sr-31 0.18 0.92 0.11 16.8 1.83 1.95 0.006 0.015 Bal.
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Fig. 2 Morphology of Lc-Sr-31 cladding powder
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Fig. 3 Microstructures of laser cladding layer. (a) Top surface of cladding layer; (b) central section of cladding layer;

(¢) cladding interface; (d) heat affected zone of substrate
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Fig. 4 Oxidation kinetics curves of substrate and

Fe-based cladding layer
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Table 2 Oxidation kinetics constants of substrate

and Fe-based cladding layer

Material Oxidative index n  Oxidation rate £,/(10 * mgemm “*<h ') Time /h Fit coefficient R*
Substrate metal 1.03 7.59 0-200 0.9981
Cladding layer 1.41 1.42 0-70 0.9601
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Fig. 5 Phase of substrate and cladding layer before and after high temperature oxidization. (a) Substrate; (b) cladding layer
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Fig. 6 Surface morphology features of substrate after high-temperature oxidation for different processing time.
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Table 3 Element contents of substrate surface after

high-temperature oxidation for different time

Mass fraction /%

Time /h -
O Si Mn Cr Fe
100 22.59 0.08 0.31 0.14 75.56
200 28.99 0.32 0.48 0.44 65.63
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Fig. 7 Surface morphology of cladding layer after

100-h high-temperature oxidation
FEAR 7 2 e m iR T A A A e T AR
bt i A AP BE
F4 HIRAMN 100 W EBEEZERIM TR G &
Table 4 Element contents of cladding layer surface after

100-h high-temperature oxidation

Mass fraction /%

O Si Cr Fe Mo Ni

1 15.89  4.93  21.99 55.33  0.61 1.25

2 10.45 4.04 12.80 70.50  0.62 1.60
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Fig. 8 Surface morphologies of cladding layer after 200-h high-temperature oxidation.

(a) Macrostructure; (b) area A; (c) area B
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Table 5 Surface element contents of cladding layer

after 200-h high-temperature oxidation

Mass fraction /%
O Si Cr Fe Mo Ni
1 21.87 1.06 36.87  38.87 0.56 0.77
2 12.25 1.22 17.20  67.53 0.42 1.38
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