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Fig.1 Morphology of cold-sprayed prefabricated powder
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Table 1 Contents of each element of metal powder

designed before cold spraying (/%)

Alloy coating Fe Co Cr Al Cu

FeCrAICu 25.37 0 47.23 8.17 19.24
FeCrAICuCog s 21.52 15.14 40.08 6.93 16.32
FeCrAlICuCo 18.7 26.3 34.81 6.02 14.18
FeCrAlICuCos s 16.51 34.87 30.76 5.32 12.54

FeCrAlCuCo, 148 41.66 27.56 4.77 11.22

K Fil DIMAX2500PC #! X 4§ £k A7 414 (XRD)
X VA IR TR A G R R IR 2 5 R AL A R A iR
ER AT M, HEEE N 49min, HH
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WS 8] 20 min, HE5 3 URBE #E SEIG AR 5 R H P
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Table 2 Contents of the elements of the final coating
(/%)

Alloy coating Fe Co Cr Al Cu

FeCrAlCu 26.46 0 25.46 14.49 33.6
FeCrAlCuCoos 24.09 9.08 23.74 12.22 30.87
FeCrAlCuCo 21.83 18.91 21.11 10.91 27.24
FeCrAlCuCo;s 18.63 29.02 19.55 8.5 24.31
FeCrAlCuCo, 16.25 36.13 17.3 85 2181

R3 ABAREIZSH

Table 3 Process parameters of cold spraying equipment

Item Parameter
Working gas Compressed air
Temperature/C 500
Pressure/MPa 0.7~0.8
Spraying distance/mm 10~20
Spraying speed/m s 0.4~0.6
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Fig.2 Cross section morphology (a) and XRD pattern (b) of

powder coating prefabricated by cold spraying
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Fig.3 Morphology and EDS element mappings of cold spray

coating
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Fig.4 XRD patterns of FeCoxCrAICu high entropy alloy

coating
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MR L), b FERE W, KA R TR JE A 5 A
BOR, AR R IR ABRCR, W& 5d Fiom.
x=2 W, HAGSWEE, @A EKMKELRR, %
FER R, Bk B AEKRIER, W Se iR
ATULEH, B Co &= I3, 5 FFbb il ™ 0 =
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Table 4 Lattice constants of various phases of FeCoxCrAICu

high-entropy alloy (nm)

Alloy fcc phase bcc phase
FeCrAICu 3.6544 2.8832
FeCrAICuCoo s 3.6613 2.8781
FeCrAICuCo 3.6542 2.8743
FeCrAICuCo 5 3.6499 2.8730
FeCrAlICuCo; 3.6399 2.8659
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Table 5 Parameters of FeCo,CrAICu high-entropy alloy Wi oN[011], M bee FHEIBHIZE T LLE B, BN
series TR B RNR S R gE # . B 7 /& FeCogsCrAICu =il & 4

Alloy o sm Vec AHpix/ ASmixd WE S K EDS ﬁ‘é'ﬁ%ﬁj\ffﬁ; A LLE H, FeCoysCrAlCu
kimol*  JK*mol? WIE AR SR X, Cu T & Ja &, 79 A0 75 A Al

FeCrAICu  39.49 5.14 6.98 0.448 11.515 T FLA & (AR R & P 8946 2 B AR HE AN 345, AT
FeCrAICuCoos 42.11 5.03 7.21 -0.48 12.887 T A i« 2% EFrik, M FeCosCrAlCu(x=0, 0.5, 1,
FeCrAlCuCo 11.64 5.0 7.37 -1.82 13.344 1.5, )& &2 SEM B Al LR EL, BE# Co
FeCrAICuCo;s 10.13 4.73 7.64 -2.13 13.277 JCE MM, WERMHS G H A S m, &k
FeCrAlCuCo, 6.33 4.80 7.68 -3.34 13.02 Fe R A G R R K AR, TR, A AR AR

AL, B n IR BRRCR A K, X ULET Co SR,
TERE, [O1L] 5 M ATEH TERE UL W] 18] foc ARZR Fighay.  REEKEBRIER, HAEESEN Fe. Cr. Co
6¢, 6d 43 M i 4 bee M TEM 137441 SAED  JG& W SRAIEL T 1] Cu o3 1K) i 5K -

5 A[A Co % ik FeCocCrAICu sl & & i )2 #) SEM IR A
Fig.5 SEM images of FeCoCrAICu high entropy alloy coatings with different Co contents: (a) x=0, (b) x=0.5, (c) x=1, (d) x=1.5,
and (e) x=2
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Fig.6 TEM bright field images (a, c) and corresponding SAED patterns (b, d) of the interdendrite fcc phase (a, b) and bcc phase
in dendrite (c, d) of FeCoCrAICu high entropy alloy
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Fig.7 Morphology and EDS element mappings of FeCoo.sCrAICu high entropy alloy coating

2.3 AWBAWHMEAMAR FeCo,CrAICU SHE S

REMEE S B

P 8a /& ¥ Wt i JEL L A B FeCo,CrAICu = & 4
R RO B, OB T DR IR v A A 4 I R
HH . LU AR BE Ry, f i T ik 5556 MPa, £ h R A
45PN 3 M, XL ML R EERILISE R, HE
Co F LI, A &RMEEEELGINERD, 4H
WE WO H LI SUREAE 3 8, BEAE Co & &1 m,
WEH bee WM BB E N, &5 7T RERNE
£ ; bee S5 M R S A K HLL, 580K E B RE FE PR AR .
&l 8b /& 4K FIl FeCo,CrAICuU H i & & I8 2 I B &
Hoihd, —MAIGOLT, A B P 2 OEA O, AP
T FE2 R e i 5 gk 4, B DURE BEE 9 B B R T
FEREEPY, K 8a fix, FeCo,CrAlCu Eilf& 4
WEAARSMEEMSEEESRERARER
mif BE 4 . 7E FeCo,CrAlCu & & &ik)E R5%, it
HAFtH, FeCo CrAICu I = 5% B Al O4 1 EE# &
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FeCoxCrAlICu high-entropy alloy coating and 45*
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Fig.9 Polarization curves of FeCoxCrAlICu high entropy
alloy coating and 45% steel substrate in 3.5% NaCl

solution
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Table 6 Electrochemical parameters of FeCoxCrAICu

high entropy alloy coating in 3.5wt%NacCl

solution
Parameter Ecor/V leorr/ <107 A cm™
Substrate -0.718 3.413
x=0 -0.488 1.688
x=0.5 -0.325 1.643
x=1 -0.356 2.812
x=1.5 -0.514 3.165
X=2 -0.559 10.03
3 & ®

1) Co & & AN & &4k 2 B A 45 8 52 i AN
K, HASA fcc+bee WAHR G454 . BEAH Co &=
B, WZE SR FE MBS, IF B D

FralR, AR MIAE % Cutk, MW EE Fe.
Cr. Cotz, Al tEBEEEEANBRES.

2) % Co & &M N, YA mwiik i oh 5 67 &
FeCo,CrAICuU = i & 4 Uk J2 1) S ol s R S 388 o Jis ok
/N, TR x=1 B, & &R 2 & s, 1k E] 5556 MPa,
YR 45T FEAR I 3 % . B &RIE S AL, X BE £ 1)
JE ¥ 2 BVU I E 0.361~0.540 2 7], 7E x=1 i, &
&R E 5 AL O X B 14 ¥ BE 5 2 $iw /), 1551 0.361

3) 1t 3.5%NaCl J& A B A, A el B 5 AL
% i FeCo CrAICuU milli & &Ik JZS 45" ML R A L
FLAT 5 1E 1 1 T ot e S AN /N () S ik R B R, AE
x=0.5 B, W2 E i A7 4 R0 i Pl IR 2
BBV N, M A R 2 T ik kB S dF
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Microstructure and Performance of Cold Spray-Assisted In-situ Synthesized
FeCo,CrAICu High Entropy Alloy Coating

Feng Li'?, Wang Jun®, Wang Guiping®, Ma Kai', An Guosheng"?, Li Wensheng"*
(1. College of Materials Science and Technology, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou 730050, China)

Abstract: The FeCoxCrAICu(x=0,0.5,1,1.5,2) high entropy alloy coating was prepared on the surface of 45" steel matrix by cold
spray assisted in situ synthesis method. The effects of Co content on phase structure, microstructure, hardness, wear resistance and
corrosion resistance of alloy coating were analyzed by XRD, SEM, EDS, TEM, microhardness meter, abrasive wear testing
machine, electrochemical workstation and so on. The results show that the alloy coating is composed of simple fcc+bcc two phase
mixed structure, and the change of Co content has little influence on the phase structure of the coating. With the increase of Co
content, the number of dendrites in the alloy coating increases and the dendrites get coarsening obviously. The microstructure is
enriched with Fe, Cr, Co in the dendrites, and Cu is enriched between the dendrites, and Al is evenly distributed in the entire
coating. With the increase of Co content, the hardness first increases and then decreases. When x=1, the hardness of the alloy
coating reaches the maximum value, which is 5556 MPa. The minimum friction coefficient in the alloy coating is 0.361. In 3.5wt%
NaCl corrosive medium, the alloy coating has a positive self-corrosion potential compared with the 45 steel substrate, indicating
that the coating has better corrosion resistance than the substrate.

Key words: cold spraying; in-situ synthesis; high entropy alloy coating; wear resistance; corrosion resistance

Corresponding author: Li Wensheng, Ph. D., Professor, School of Materials Science and Engineering, Lanzhou University of

Technology, Lanzhou 730050, P. R. China, E-mail: liws@Ilut.edu.cn


https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2017&filename=SJGY201620042&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXkzR3FldTFXTUpCTXgxQkoxST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MTg2MThSOGVYMUx1eFlTN0RoMVQzcVRy
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2016&filename=JSXB201607004&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXkzR3FldTFXTUpCTXgxQkoxST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MTAxNzJUM3FUcldNMUZyQ1VSN3FlWnVa
https://www.sciencedirect.com/science/article/abs/pii/S0257897209010044
https://www.sciencedirect.com/science/article/abs/pii/S0257897209010044
https://www.sciencedirect.com/science/article/abs/pii/S0257897209010044
https://www.sciencedirect.com/science/article/pii/S0169433215017092
https://www.sciencedirect.com/science/article/pii/S0169433215017092
https://www.sciencedirect.com/science/article/pii/S0169433215017092
https://www.sciencedirect.com/science/article/pii/S0257897220300992
https://www.sciencedirect.com/science/article/pii/S0257897220300992
https://www.sciencedirect.com/science/article/pii/S0257897220300992
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20190405&journal_id=rmme
https://www.sciencedirect.com/science/article/pii/S0921509318300297?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921509318300297?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921509318300297?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0254058411009357
https://aip.scitation.org/doi/10.1063/1.3587228
https://aip.scitation.org/doi/10.1063/1.3587228
https://www.jstage.jst.go.jp/article/matertrans/46/12/46_12_2817/_article
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=CLGC201911018&v=MDk2MzExVDNxVHJXTTFGckNVUjdxZVp1WnJGQ25nVXJ6UEppSE1iYkc0SDlqTnJvOUViSVI4ZVgxTHV4WVM3RGg=

