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ABSTRACT: For the key parts of high-speed and strong wear such as high-speed rail brake discs, CoCrNiMnTi, high-entropy
alloy coating by laser cladding was designed to improve the hardness and wear resistance of the surface. The CoCrNiMnTiy
(x=0, 0.25, 0.5, 0.75, 1) high-entropy alloy coating was prepared on the surface of Q235 steel by laser cladding technology, and
the microstructure of the coating was characterized by XRD and SEM. The hardness of the coating was tested by a
microhardness tester and a nanoindenter. The friction-abrasion testing machine and the three-dimensional profiler were used to
study the friction-abrasion performance of the coating. The CoCrNiMnTi, coating prepared by laser cladding technology had
good coating quality and no defects such as pores or cracks. It is found that in the CoCrNiMnTi, coating by laser cladding, with
the increase of Ti content, the coating phase changes from a single FCC phase to FCC+L aves phase, and the diffraction peak of
FCC solid solution gradually shifted to the left. The microstructure of the CoCrNiMn coating is columnar crystals. When the Ti
content is 0.25, it transforms into equiaxed crystals;, when the Ti content is higher than 0.5, Laves phase and eutectic structure
appear in the intergranular region. Under the dilution effect of the laser cladding, the Fe on the surface of the Q235 substrate
diffuses into the coating, and the Fe elements enrich. The inside of the crystal grain is the FCC matrix phase, and the
intergranular area is the (Co,Fe),Ti Laves phase. Due to the solid solution strengthening and the increase of the Laves phase
content, the microhardness of the coating continues to increase. The hardness of CoCrMnNiTi reaches 523HV 3, and the highest
nanohardness reaches 6.91 GPa. CoCrNiMnTi,-based coatings have similar elastic modulus. With the increase of Ti content, the
wear resistance of the coating shows a rising trend. As the Ti content increases, the average friction coefficient of the coating
decreases, and it isthe lowest at Tig7s. According to the analysis of wear volume and wear scar morphology, when the Ti content
is0.75, it has the lowest wear volume, and the width and depth of the wear scar are the lowest, showing the best wear resistance.
However, when the Ti content further increases, due to the brittle and hard Laves phase gradually increases. the wear form
gradually changes from adhesive wear with low Ti content to abrasive wear with high Ti content, which reduces the wear
resistance of the coating. CoCrMnNiTi, coating by laser cladding can significantly improve the wear resistance of the substrate.
When the Ti content is added to 0.75, a small amount of Laves phase is formed in the FCC substrate, which not only improves
the hardness, but also achieves a strong and tough fit. The coating shows the best wear resistance performance. Therefore, when
the addition amount of Ti element is 0.75, the CoCrNiMnTig s high-entropy alloy coating has the best performance, which can
be used for surface strengthening and repair of high-speed rail brake discs, and improve the service life and reuse of high-speed
rail brake discs.

KEY WORDS: laser cladding; high-entropy aloy; microstructure; wear resistance; surface strengthening
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Tab.1 Chemical composition of CoCrNiMnTiy coatings

at.%
Sample Co Cr Ni Mn Ti
Tig 25 25 25 25 0
Tigos 23.53 23.53 23.53 23.53 5.88
Tios 22.22 22.22 22.22 22.22 11.11
Tio7s 21.05 21.05 21.05 21.05 15.79
Tiq 20 20 20 20 20
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Fig.1 Macroscopic morphology of coating
surface by laser cladding
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Tab.2 Chemical composition of different areas
of the CoCrNiMnTiy coatings
at.%

Sample Region Co Cr Ni Mn Fe Ti
14.13 15.29 12.34 14.06 40.55 3.63

Thos 1002 10.94 970 1177 26.02 3154
N A 11351299 987 1185 5005 390
B 1397 963 1455 1264 32.40 16.81

, A 1138 1275 1033 1161 47.78 6.14
™ B 1286 1000 1220 1145 39.18 1452
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Tab.3 Chemical compositions of the worn surface of the CoCrMnNiTiy coatings
wt.%
Co Cr Fe Mn Ni Ti (0] Al

Tip 8.88 9.54 44.83 10.15 9.92 16.48 0.21
Tigos 7.82 11.97 37.80 12.93 9.32 1.60 17.99 0.58
Tips 11.71 10.15 36.79 10.44 11.46 3.75 14.86 0.84
Tig7s 10.23 9.37 40.41 11.14 11.29 6.19 11.18 0.19
Tiy 7.44 9.31 30.65 9.62 10.04 9.12 23.51 0.31

[5] ZHANG Yong, ZUO Ting ting, TANG Zhi, et a. Micro-

3 #FHit structures and Properties of High-Entropy Alloys[J]. Pro-
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