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wear resistance, corrosion resistance, fatigue wear resistance, oxidation resistance of different powder materials without
changing the substrates. The work aims to improve the wear and corrosion resistance of ER8 high-speed wheel steel to increase
the service life of wheels. In order to compare the wear resistance and corrosion resistance of different powder coatings and
substrates in acid rain solution, the laser cladding technology was used to improve the performance of ER8 high-speed wheel
steel and improve the service life of wheels, so as to cope with the bad service environment of train wheels. The wear and
corrosion resistance of Fe-based alloy coating and Co-based alloy coating in simulated acid rain solution were compared and
analyzed. The wheel steel was cut into sample blocks of 30 mmx20 mmx5 mm, and the circular gap with width of 10 mm and
maximum depth of 2 mm was removed in the middle part of the matrix material sample. The substrate was polished smooth and
cleaned with sandpaper. Under the laser power of 1 600 W, spot diameter of 4 mm, scanning rate of 7.5 mm/s and lap rate of
50%. Fe-based and Co-based alloy coatings were prepared by Laserline LDF6000-100 laser on the substrate surface. Then, the
microstructure morphology, phase type and nano hardness of the coating were analyzed by SEM, XRD and nano indentation
apparatus. With the help of MFT-EC4000 reciprocating electrochemical friction and wear tester, the samples were placed in acid
rain solution for friction and wear test and electrochemical corrosion test. According to the results of uniform coating on the
surface of compact structure, good metallurgical combination, Fe-based and Co-based alloy coating respectively presented
"cellular" and "honeycomb". There was no obvious defects such as holes and cracks. The coating hardness is significantly higher
than that of matrix hardness. The solid solution and carbide formation made Fe-based coating hardness more outstanding. The
HV hardness was up to 714.4 on average. The substrate had light wear at low frequency (1 Hz) and, severe spalling, pitting
corrosion at high frequency (2 Hz, 4 Hz). The wear mechanisms were mainly adhesion wear, oxidative wear and abrasive wear.
There was no obvious corrosion and peeling phenomenon in the coating wear area. At high frequency, the wear rate of Fe-based
coating and Co-based coating decreased by 6.10x10~° mm’*/(N-m) and 39.85x10° mm®/(N-m), respectively. At the same time,
the impedance value of the coating in acid rain solution was significantly increased, and the polarization curve test results
showed that the self-corrosion potential of Fe-based coating, Co-based coating and substrate was —0.522 V, —0.381 V and
—0.603 V, respectively. The corrosion densities were 3.916 pA/em? 0.312 pA/ecm® and 5.483 pA/em?, respectively. The wear
resistance and corrosion resistance of the repaired wheel steel samples are improved to varying degrees. In comparison, the wear
resistance of the Fe-based alloy coating is more excellent. The corrosion resistance of Co-based alloy coating is slightly stronger
than that of Fe base coating.
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Tab.1 Chemical composition of ER8 wheel steel
wt.%

C Si Mn P S Cr Fe
0.52 0.26 0.73 0.016 0.002 0.25 Bal.

=2 FeEGE&MKRUERS
Tab.2 Chemical composition of Fe-based powder

wt.%
C Si B Cr Ni Fe
0.8-1.2 2.0-3.0 1.2-1.8 18.0-20.0 9.0-12.0 Bal.

x3 CoEAEMRUFENS
Tab.3 Chemical composition of Co-based powder

wt.%
C Si W Cr Ni Fe Co
0.9-1.2 09-1.3 4.0-4.8 26.0-27.5 0.8 0.9 Bal
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Tab.4 Composition and content of acid rain solution
pmol/L

Ca** CI° NH; Na° K" SO0¥ Mg™ pH
76 17 171 9 12 170 8 3.1-3.5
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Fig.2 Micro structure of coating specimens: a) Fe-based coating; b) Co-based coating
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Tab.5 Electrochemical impedance fitting results of three specimensin acid rain solution
Specimens RJ(Q-cm®)  Ou/(F-em™) iyl Ry/(kQ-em®)  Qa/(F-cm™) gl Re/(kQ-cm?)
Substrate 1.87 — — — 1.1x10°° 0.71 5.8
Fe-based coating 11.46 6.671x107° 0.6515 230.4 7.2x107* 0.610 4 20.53
Co-based coating 12.89 5.93x107° 0.409 3 259.2 6.4x107° 0.659 8 23.09
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Fig.14 Polarization curves of three specimens
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Tab.6 Electrochemical characteristics of three specimens

Specimens E.on(vs. SCE)/V Jeor/ (LA -cm?) B/ (mV-dec™") Ba/(mV-dec™) R,/Q
Fe-based coating -0.522 3916 83.769 279.68 7 149.8
Co-based coating -0.381 0.312 40.320 49.489 30984.4
Substrate -0.603 54.829 330.86 118.02 511.4
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