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ABSTRACT: This paper aims to propose a new thought on a new generation of "laser packing welding" for surface
treatment of hydraulic support columns, and emphatically discuss the feasibility of taking AlICoCrCuFeNi high-entropy
alloy as thin strip material. The ingot of high-entropy alloy AICoCrCuFeNi was prepared by vacuum melting. The sin-

gle-pass welding and continuous multi-surface remelting of AICoCrCuFeNi high-entropy alloy were carried out by fiber
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laser. The surface morphology of the remelted layer was observed by metallographic microscope; the phase analysis was
performed by X-ray diffractometer; the hardness was measured by microhardness tester; and the friction and wear test and
corrosion test were carried out to study the wear resistance and corrosion resistance of the remelted layer. The structure of
as cast base metal of high-entropy alloy AICoCrCuFeNi was equiaxed dendrite. Cu was seriously segregated in the den-
drite area. The grain was more refined after welding; and the segregation phenomenon was alleviated. The hardness was
increased by 29.9%. The phase of as cast base metal and weld was single FCC phase. After laser remelting, the equiaxed,
fine, uniform and dense grain structure was formed in high-entropy alloy AlICoCrCuFeNi, and the laser remelted layer was
formed. The maximum hardness of the laser remelted layer was HV669. Both the friction coefficient and friction wear
amount of the remelted layer were smaller than that of the as cast base metal. Both the laser remelted layer and as cast
base metal had high corrosion resistance in sodium chloride solution. After laser remelting, the grains of high-entropy al-
loy AlCoCrCuFeNi were more refined and the segregation phenomenon is alleviated. The grain size is about 5-8 pm. As
an alternative material for thin strip, high-entropy alloy AlCoCrCuFeNi meets three basic requirements: high wear re-
sistance, high corrosion resistance (slightly lower than as cast base metal after laser remelting) and good weldability.
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Tab.1 Composition of AICoCrCuFeNi high-entropy alloy
JLE
i
Al Co Cr Cu Fe Ni
BE/REE/mol 0221 0221 0221 0221 0221 0.221
Jﬁﬁ/g 5.962 13.028 11.483 14.132 12.366 13.028
[30—31] AlCoCrCuFeNi “ » AlCoCrCuFeNi
1 mm
AlCoCrCuFeNi
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Fig.1 Diagram of laser packing welding
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Tab.2 Single pass laser welding parameters of
AlCoCrCuFeNi high-entropy alloy

Hul  w ot R/wW JEE T FE /(- min ")

1% 150 1.0
2% 300 1.0
3# 450 1.0
: 4% 600 1.0
5% 750 1.0
6 900 1.0
7 600 1.0
g 600 1.2
) 9% 600 1.4
10% 600 1.6
11# 600 1.8
12% 600 2.0
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Tab.3 Laser surface remelting parameters of 3.5%  NaCl
AlCoCrCuFeNi high-entropy alloy
0.1 mol/L 0.1 mol/L
4 i BotIhH/w TN/ (m-min ") pH
1* 150 1.0 —400~1500 mV
2% 300 1.0 1 mV/s
1 3# 450 1.0
4% 600 1.0
5* 750 1.0 2
6" 900 1.0
7* 600 1.0 2.1 AICoCrCuFeNi S & & EEEZLE
8* 600 1.2 ﬁ)l[ ZE?R
5 9% 600 1.4 _
10 600 1.6 AlCoCrCuFeNi
11# 600 1.8 2 2
12¢ 600 2.0 14.75 pm
Cu
Cu Cr Fe +12
+13 kJ/mol? Cr Fe Cu
80%, 3207, Cu Cu
600%, 8007, 1000%, 1200%, 1500*, 2000" 5
Cu
3 AlCoCrCuFeNi 750 W
D8 ADVANCE X 1.6 m/min 0 mm
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TMVS-15
AlCoCrCuFeNi 3 3a
300 g 10 s 3b
a
0.15 mm UMT
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30 min 20N
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Fig.2 Microstructure of AlICoCrCuFeNihigh-entropy alloy base metal
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Fig.3 Microstructure of laser welded joint of AICoCrCuFeNihigh-entropy alloy
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Fig.5 Microstructure of laser remelted layer
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Fig.6 Laser remelted layer hardness under different process parameters
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Fig.7 Friction coefficient of laser remelted layer under different process parameters
4
Tab.4 Friction coefficient of laser remelted layer under different process parameters
T.AZH HotIhE/wW A/ (m min) (82
ZHUH 150 300 450 600 750 900 1.0 1.2 1.4 1.6 1.8 2.0

JEEYEE PRI AL 0.51 048 048 039 036

0.35 0.42 0.38 0.40 0.39

0.45 0.46 0.59

10

BB B /mg
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TIEW
a WOLhHR

10

BB /mg
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P /(m min~
b FEREEE
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Fig.8 Laser remelted layer wear extent under different process parameters
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Fig.9 Surface wear morphology of AICoCrCuFeNi high-entropy alloy base metal and laser remelted layer
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Fig.10 Polarization curves in different solutions

5 AICoCrCuFeNi

Tab.5 Characteristic values of polarization curves
of AICoCrCuFeNi high-entropy alloy as-cast base
metal in different solutions

6 AlCoCrCuFeNi

Tab.6 Characteristic values of polarization curves
of AICoCrCuFeNi high-entropy alloy remelted
layer in different solutions

3.5% NaCl —0.3051 2.239x1077 3.5% NaCl —0.3671 9.550x1077
0.1 mol/L HC1 —0.4162 1.949x1076 0.1 mol/L HC1 —0.4782 3.801x1076
0.1 mol/L NaOH —0.3452 3.311x1077 0.1 mol/L NaOH —0.4232 2.884x10-°
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Tab.7 Characteristic values of polarization curves of
AlCoCrCuFeNi high-entropy alloy as-cast base metal
and remelted layer in 3.5% sodium chloride solution
e V25 B3R BE
Wi A REy LR
|ccor/(A'Cm 2)
L527) -0.3071 2.239x1077
HIRZ -0.3751 9.550x1077
3
1 AlICoCrCuFeNi
14.75 pm Cu
HV610
HV469 29.9%
FCC
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