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Effect of Wear on Oxidation Behavior of U71Mn at High Temperature
XI Yan-jun, LI Xian-zhe, DONG Shu, WU Yong-le

(Zhongyuan University of Technology, Zhengzhou 450007, China)

ABSTRACT: The high temperature oxidation behavior of U71Mn rail material after wear was studied, and the influence
mechanism of high temperature and wear on rail surface damage was discussed. The wear test of materials was carried out with
a wear tester, and the oxidation tests were carried out in a heating furnace. The interface of materials was characterized by SEM
with energy spectrum, and the phases of oxides were analyzed by XRD. The effect of wear on the surface oxidation properties of
U71Mn rail material at high temperature was investigated. The results showed that the amount of wear increases with the
increase of load. The weight of the material without wear was obviously increased compared with that of the worn material at
800 ‘C and 900 C for 5 hours. This is because there were scratch cracks on the surface of the material after wear. Oxygen in the
air rapidly was adsorbed at the crack tip, diffused into the matrix at the crack tip, and formed oxides, thus reducing the atomic

bond energy at the crack front, causing a large area of material surface falling off seriously. This shows that the scratch caused
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by wheel-rail friction has a great effect on the high-temperature properties of rail materials. The oxide film on the surface of

unworn U71Mn was mainly Fe,O3at 900 ‘C for 5 hours. The oxide film on the surface of material after 500 N wear contained

FeO and Fe;0,4, while the oxide film on the surface of material after 1000 N wear contained Fe,O3 and Fe;O0,4at 900 C. The

macro-defects on the surface of the material caused by scratch was the oxidation active region, and stable Fe;O4 was formed in a

very short time, but the oxidation film grows quickly and unsteadily on the scratch, and part of Fe;0, falls off, then the exposed

part of the substrate was oxidized again to form FeO. The high temperature oxidation resistance of unworn U71Mn rail material

is obviously better than that of worn material. Wear can accelerate the material damage at high temperature, and has a certain

direction. The scratch of wheel-rail friction seriously affects the phase structure and adhesion of oxide film at high temperature,

and thus affects the service life of rail.

KEY WORDS: U71Mn; high-speed rail; high temperature; oxidation; wear; oxide film
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Tab.2 Oxidation weight gain of U71Mn under different conditions

800 C 900 C
Samples
Unworn 500 N 1000 N Unworn 500 N 1000 N
Mass gain (g-cm?) 0.0313 0.0173 0.0175 0.0269 0.02 0.0189

K BEI U71Mn AEHE 800 °CF AU &AL # T 57
WE 3 iR . REESMAETE 800 C FAEHE Sh s, &6
STEACE ARG, H i INZ2FRANZ Z 048 1 5 )
2%, TEEALBEME AR BT KEp s, UH
FETE AN S SR B T, A — AR RS S
T, AN 3a i xR, R, A

Substrate

200 pm

Bl 3 RIS UTIMn #FEHE 800 C AL YIRS

Foor ik, SN R, EALBEAEUE, MITEY)
HITE B A SR F T B T — ST L 2 A T . Bl
AR HERS , bR R B Wil A AR T, PR Tk
AN, AT B B B W % . TE BT T
e AR, a2 M S L AT A B . R, R
JEH U71Mn #1RHE 800 CHEALG , 2 HELUNA 3b

Substrate

Fig.3 Cross-sectional morphology of unworn U71Mn at 800 C
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