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Synthesis of FeCoCrAICu laser high entropy alloying coating on
surface of single-element Cu base alloy
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Abstract: FeCoCrAlCu high entropy alloying coating was synthesized by Nd:YAG laser irradiation method on Cu
single-element base alloy. Formation mechanism and properties of FeCoCrAlCu laser high entropy alloying layer were
investigated using SEM, EDS, XRD, microhardness tester and nanoindentation tester. The results show that FeCoCrAICu
high entropy alloying coating can be synthesized on the surface of Cu single-element base alloy using equal molar ratio
of Fe, Co, Cr, Al quaternary alloy powders by laser irradiation alloying with optimized processing parameters. The
alloying coating is composed of FCC+BCC simple structural solid solutions, and the microstructure is mainly
granuliform. A good metallurgical bonding between the layer and the substrate can be achieved. The microhardness of
FeCoCrAlCu layer is 7 times higher than that of the substrate, and the elastic modulus, elasticity ratio and the maximum
load subjected at the same depth of the layer are higher than those of Cu substrate, indicating that the alloying coating has
good strength and toughness.
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Fig. 1 Sectional microstructures of FeCoCrAlCu high entropy alloying coating in different areas: (a) Profile; (b) Interface; (c)

Centre; (d) Surface
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Fig. 2 XRD spectrum of FeCoCrAlCu laser alloying coating

Fig. 3 Element distribution of FeCoCrAlCu laser alloying

coating near interface

ZHANG %5 PHEH mfi & AR R 2N 3 A5
HORAE, ARSI T RO 2 6 IR G IR AHmx M
BAMIAS v o 0 FEX MR FioR:

5= | Ye-r/P? (1)
i=1

X FhZExaedxmE 7Y,

F=Ycns e o AP i FIOCER IR AP B R T
i=l1
1o
AR N
n
AI—Imix = Z4AHij,mixcicj (2)
i=1,i%j

A 4AH; o S § 1 PIALTCZ A TR A4S
B RE RS A HAEAGn, TR R A

AGmix:AHmix_ TASmix (3)

n
ASi =—RD ¢;Ing; 4)
i=1

s TOHE: R ONEERAAAT HL.

4 7R} FeCoCrAlCu WOt & &R 2R 1H
EDS %, A1) Q)FI(4) ] v 5 AR (1 25 45 5
TRAF 2 0 S BB i FIAS (L3 1) HRHE
K@OIFH, HEZEREFEER 1.61R, £
B A SRR B2 A ICE 8 0 5 A H b 217
KRBT, YA AN 0 HAH AL 5 kI/mol<
AH,i <15 kJ/mol, H. 0<5%It}, &4 LA AR 2K
Fo KV, FeCoCrAlCu LA Gk 221 X 15
(1) 6 15 AH i 76 FIR X PR EVEE A o 456 XRD 20 #7
ST, Cu MG HEILA RIS EE /K Fey Cos



255 5 W

kAR, 4% Cu PAICRIED SR FeCoCrAlCu HOG il & AR 2 i 4% 1311

Crv Al VYJC& 4k AR A OGB4 1 F B s
FeCoCrAlCu i & & MiR)z . Ga&IRIZNER Al T
FUSL, KEICR RN, B BB e by
Pt etk 5 SO, AN T O 3 T A4

CuAl Element x/%

Al 18.3

Cr 18.0

. Fe 21.2

Cr Co 221

Fe Cu 204

Cr
C lJ
0 2 4 6 8 10

Energy/keV
4 FeCoCrAlCu ¥t &R 21T K )= EDS i
Fig. 4 EDS spectrum of FeCoCrAlCu laser alloying coating

near surface
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Table 1 Physical parameters of FeCoCrAlCu laser alloying

coating
N 8% AHyi/(kTmol ™) ASaix
1.293 5.0 -2.356 1.61R
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Fig. 5 Sectional microhardness distribution curve of

FeCoCrAlCu laser alloying coating
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Fig. 6 Load—displacement curves of FeCoCrAlCu alloying

coating and Cu substrate
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Table 2 Mechanical property parameters of FeCoCrAlCu

alloying coating and Cu substrate

Maximum  Elastic o
Hardness/ Elasticity

Material load/ modulus/
GPa ratio
mN GPa
FeCoCrAlCu
16.669 239.201 9.067 0.038

alloying coating

Cu substrate 4.814 158.564 1.881 0.012

1) KH Nd:YAG Bothmfk, n iS5 EEK L Fe.
Co. Cr. Al WUic&k KA Cu HEMEIHIE K
FeCoCrAlCu mifii&a&tbin)z, Gtz 5HME
RUFNA a4, H B Z DURRIR R K (a3 1k 4l
BAHE.

2) & Cu HITHREEGERIN G FeCoCrAlCu

0 A S E A S5 R FCC+BCC i 5 45 44 [i]
AU

3) FeCoCrAlCu fEifi & 4 )2 5 i S Aokl ik 2]
670 HV, £k Cu 3M I 7 5, &4AbZ HsrEsiE
S LRI 38 B R B 92 ) Ay 2 e, R
FeCoCrAlCu i & &2 HA RUFH ) 2# 1k gE .
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