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Tribological Properties of Cr Alloying Layer on M5S0 Steel
Induced by High Current Pulsed Electron Beam
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Abstract: High current pulsed electron beam combined with magnetron sputtering had been employed to fabricate Cr
alloying layer on M50 steel. Scanning electron microscope, transmission electron microscope, and X-ray diffraction had
been used to analyze the microstructure of the Cr alloying layer. The tribological properties and wear mechanism of the
Cr alloying layer were studied. The results show that the Cr alloying layer possessed multi-layer characteristics. The Cr
alloying layer was composed of BCC Fe-Cr, y phases and martensite. The wear mechanism of M50 steel and Cr alloying
layer was oxidation wear. The friction coefficient of the Cr alloying layer was between 0.2~0.4, lower than that of M50
steel (0.5~0.8). The reason was the solid lubrication effect of the oxides and the good adherence between the oxides and
Cr alloying layer which can be concluded by the results of scanning electron microscope and energy dispersive

spectrometer.
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Table1 The chemical composition of M50 steel

w(C)/% w(Cr)/% w(Mo)/% W(V)/% w(Si)% w(Mn)/% W(S)/% w(Fe)/%
0.75~0.85 3.75~4.25 4.00~4.50 0.90~1.10 <035 <035 <020 Balance
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Fig. 1 The heat treatment process of M50 steel samples
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Table 2 The parameters of high temperature friction
wear test
Sample 7/C PN  PyGPa v/(mm/s)
Cr alloying layer 450 40 3.0 100
M350 substrate 450 40 3.0 100
Cr alloying layer 500 40 3.0 100
Cr alloying layer 450 12 1.0 100
Cr alloying layer 450 40 3.0 100
Cr alloying layer 450 95 5.0 100
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Fig. 2 Profile of the wear track of M50 steel with a contact
pressure of 3.0 GPa and a sliding speed of 100 mm/s at 500 C
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Fig.3 XRD pattern of Cr alloying layer
B3 Crirgeib/2 I XRDATS i



% 6 W

=T, 55 MSOFM R ik i FEL SR Cr i <P P el BE 52 1k 731
hzi‘ "
"."*\
T
%

c ‘L
—a— 0 ..i;
= =2 &
—4—V
—+— Mo i‘_

|
<

Fig. 4 The cross-sectional morphology and elements distribution of Cr alloying layer
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Fig. 5 Bright field TEM micrograph and selected area
diffraction patterns (SAD) of cross-sectional Cr alloying layer,
(a) Bright field TEM micrograph of cross-sectional Cr alloying

layer; SAD of areas (b)1; (¢)2; (d)3
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Fig. 6 Phase diagram of Fe-Cr
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Fig. 7 The friction coefficient of M50 steel and Cr alloying layer
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Fig. 8 The worn surface morphology of M50 steel and Cr alloying layer with a sliding speed of 100 mm/s
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Table 3 The chemical composition of points in Fig.8
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Fig. 9 The wear rate of M50 steel and Cr alloying layer
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