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High-temperature tribological properties of AlIFeCrCoNiTi high-entropy
alloy coatings laser cladded with different parameters

Cui Shaowei, Wang Shugqi, Jiang Wei, Liu Xiyan
(School of Material Science and Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China)

Abstract: Some coatings were laser cladded on H13 steel and the micro-structure and hardness of the
coatings were analyzed. The high-temperature tribological performance of H13 steel and each coating
was studied by a pin-plate high-temperature wear testing machine. The analysis of the micro-morpho-
logy, composition and phase of the friction layer on each coating was conducted by SEM, EDS and
XRD, which provided the evidence for the wear mechanism. The results show that the wear volume of
laser cladding coatings is always an order of magnitude lower than that of H13 steel, regardless of the
temperature or the normal load. When the temperature is 400 °C, for all the coatings the velocity of
weight loss caused by wear is higher than the velocity of weight gain caused by oxidation. As a result,
the overall weight change tendency is decreasing. When the temperature is 600 °C, in contrast, the velo-
city of the weight loss is lower than that of the weight gain. Thus, the overall weight change tendency is
tincreasing. Coating 1 has the highest resistance to high-temperature softening. The surface of the fric-
tion layer on this coating always remains intact, regardless of the temperature or the normal load. Coat-
ing 2 has the lowest resistance to high-temperature softening. When the temperature is 400 °C, mass
peeling occurs on the surface of the friction layer even when the normal load is only 50 N. When the
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temperature is 600 °C, the extrusion degree of the friction layer on this coating is more serious than
those of other coatings. The resistance to high-temperature softening of coating 3 is lower than that of
coating 1 but is higher than coating 2. When the temperature is 400 °C, the surface of the friction layer

remains intact with low normal loads. But mass peeling occurs on it with high normal loads. When the
temperature is 600 °C, the extrusion degree of the friction layer on this coating is less serious than that

on coating 2 but still kind of harsh.

Key words: H13 steel, laser cladding, wear mechanism, resistance to high temperature softening
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Table1 Chemical compositions of H13 steel %
C Si Cr Mn \Y Mo S P Fe

042 1.04 515 043 090 145 <0.030 <0.030 R

®2 AESHRHNUERD

Table 2 Chemical compositions of coating powders %

Al Fe Cr Co Ni Ti

9.0 18.6 17.3 19.6 19.6 15.9

FE A5 R 50 i R (3% % S MMU-5GA 65 3
AL . Hod a8 OB 5 1Y
HI13 80 T, RFh 4.7 mmx 12.7 mm. XFEE
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Table 3 Laser cladding process parameters

SRS HOEIR/wW HH )/ (mm-s™) FeBE H AR /mm LN /(g min ") R % S ER/(L-min ")

1 1600 5 4 8.57 50 10
2 1600 5 4 5.72 30 10
3 1 600 5 4 5.72 50 10

x4 BRAESHK

Table 4 Tribological experiment parameters

RErc /N F15/(N-m) BE9/(r-min ') sf 8] /min
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Fig. 1 Macro morphology of laser cladding coating
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Fig.2 Metallographic diagram of laser cladding layer (a) and interfacial layer (b)
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Fig.3 XRD patterns of laser cladding coating

RS NAIRIESIERBORERE, Forb, OB LR
JZ R B TR AR RE R . — 5T, e
O 14 At R W2 S5O0 PR AL PR S A B 48
K5 I3 —77 0, FWOCK AL R o i i v SR B, i
T RIZ A SRR R . P AL R A4
5 1 IRZBORE R FORIE T IR)Z AT LRSS AR .
AR K AR PR TR 2 RO RE R R A TR AR, BETIR
AR AT BRAY L BRI, X AR T U= R
PRI,

x5 REREMFEE

Table 5 Hardness of coating and substrate
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w2 —— -
R KT )Z BAJE IR R B2/
1 51.7 493 243
2 48.1 463 23.9
3 46.5 46.1 225
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Fig.4 Mass change of H13 cteel with no coating and coatings after wear under different load and temperature
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Fig. 5 Micro morphology of the interface between friction layers and unworn areas
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Fig. 6 Micro morphology of friction layers on each coating
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Fig. 7 Gap on the edge of the friction layer
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