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spectroscopy (EDS) and microhardness tester respectively

Abstract Fe,CoCrAlCu (x=0,0.5,1,2) high entropy alloy coatings are prepared by laser surface alloying on the

The constituent phases, microstructure, chemical composition and microhardness of the laser
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alloying coatings are analyzed by X-ray diffraction (XRD), scanning electron microscope (SEM). energy disperse
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high entropy alloying coatings with different Fe content form single body-centered cubic (BCC) solid solution. The

laser alloying coatings have good metallurgical bonding to the substrate. The solidfied microstructure is the typical
140.3390; 160.3900; 180.5810

The experimental results show that Fe,CoCrAlCu/Q235
dendritic structure with component segregation. The microhardness of the laser alloying coatings is much higher than
that of the Q235 steel, and the microhardness of the coatings tends to decrease gradually with the increase of Fe
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content. From the surface of Fe,CoCrAlICu/Q235 laser high entropy alloying coatings to the substrate, the mixing
entropy presents gradient distribution from high entropy, medium entropy to low entropy
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Fig. 1 X-ray diffraction patterns of Fe, CoCrAlCu/Q235

(x=0,0.5,1,2) laser alloying coatings
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Fig. 2 Cross-section microstructure of Fe,CoCrAlCu laser alloying coatings. (a) x=0;

(b) x=0.5; () x=1; (d) x=2
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Table 1  Atomic radius of Fe, Co, Cr, Al and Cu

Element Fe Co Cr Cu Al

Atomic radiu /(107 m) 1.24 1.25 1.25 1.28 1.43
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Fig. 3 Backscattered electron image and electro-probe microanalyzer (EPMA) elemental map of

FeCoCrAlCu laser alloying coatings
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Table 2 EDS results of A, B regions in the laser

alloying coatings shown in Fig. 3 (atomic fraction, %)

Areas Fe Co Cr Al Cu
A 16. 39 10. 62 9.91 9.82 53.26
B 35.88 22.75 20. 59 10. 87 9.91
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Fig. 4 Interface microstructure of FeCoCrAlCu/Q235

laser alloying coatings
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Table 3 Mixing entropy of A, B, C, D, E and F

regions shown in Fig. 4

Areas Mixing entropy
A 1. 610R
B 1.610R
C 1. 490R
D 0.873R
E 0. 300R
F 0.299R
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Fig. 5 Cross-section microhardness curves of

FeCoCrAlCu/Q235 laser alloying coating

0803006-4



[ VAE

Fe, CoCrAlCu/Q235 #ot & 4 1k 2 H 4 K AL RERT 5T

P18 S0 JFL 200 SR A A PR DR 583 (A5 1 < AL S A
Sk

4 4k w

1) KA Fe £ Fe,CoCrAlCu/Q235 Ot H
a4 ZH R EA H— BCC WP EGER. 54
k)25 He 3% S LA R TR 5 0 S o A — v — A ) A
AL

2) AR Fe &8 Fe, CoCrAlCu/Q235 #tH
& a2 HLOE S BB H A s Fe
TR B R R B W KEE. 4142
HAEH I T B AT, Co FEA & H] & 4
Fe,Co.Cr FH /A TR N . AL 5] A TR 2
LA

3) Fe,CoCrAlCu/Q235 ¥t & i & & 16 2 1
WEREZ o Q235 N AELH 1Y 3 £, B E Fe & & 19 54
TS U 2 Y o R R R R R R

& X
1 Wu Qiwen, Ma Mingxing, Zhu Tianhui, e al.. Influences of Nb
and Cr on in situ particle reinforced Fe-matrix composite coating
by laser cladding[J]. Chinese J Lasers., 2013, 40(7): 0703004.
REFSE, TR, RRME, . P8 B X OGBS B URE 1
SRR R A TRIZERT] P EBOG, 2013, 40(7): 0703004,
Li Jianing, Gong Shuili, Wang Xichang, et al.. Physical and

[SS)

surface performance of laser clad Ni based coating on a TA15-2
alloy[J]. Chinese J Lasers, 2013, 40(11): 1103008.

AET . PUKM . EHE, & TALS-2 44 £ mEOGH A Ni &
WEY RS LmERET]. HEBOE. 2013, 40(11): 1103008,
Xu Guojian, Yin Deyang, Hang Zhengxiang, et al.. Functionally

8}

gradient material coating of Co-based alloy and VC using laser
cladding[ J]. Laser & Optoelectronics Progress, 2012, 49 (6);
061404.

REE, BRAEE, AW, & OB EA LA S SR

fefh 2], Ot S5 ed FUERE, 2012, 49(6): 061404,

4] W Yeh, Y L Chen, SJ Lin, er al.. High entropy alloys-a new
era of exploitation[ ]J]. Materials Science Forum, 2007, 560:
1—9.

5 C H Lin, J] G Duh, ] W Yeh. Multi-component nitride coatings
derived from Ti-Al-Cr-Si-V target in RF magnetron sputter[ J].
Surface &. Coatings Technology, 2007, 201(14); 6304—6308.

6 L M Wang, C C Chen, ] W Yeh, et al.. The microstructure and
strengthening mechanism of thermal spray coating Ni,Cog, ¢ Feo. 2
Cr,Si. AlTiy, » high entropy alloy[J]. Materials Chemistry and
Physics, 2011, 126(3) . 880—885.

7 N H Tariq, M Naeem, B A Hasan, et al.. Effect of W and Zr on
structural, thermal and magnetic properties of AlCoCrCuFeNi
high entropy alloy[J]. Journal of Alloys and Compounds, 2013,
556(15): 79—85.

8 ST Chen, W Y Tang, Y F Kuo, e al.. Microstructure and
properties of age-hardenable Al,CrFe; s MnNig ; alloys [ ] ].
Materials Science and Engineering A, 2010, 527(21-22); 5818—
5825.

9Y Zhang, Y J Zhou, J P Lin, e al.. Solid solution phase
formation rules for multi-component alloys [ J ]. Advanced
Engineering Materials, 2008, 10(6): 534—535.

10 Chen Min, Liu Yuan, Li Yanxiang, et al.. Microstructure and
mechanical properties of AlTiFeNiCuCr, high entropy alloy with
multi principal elements[ J]. Acta Metallurgica Sinica, 2007, 43
(10): 1020—1024.

BR . X U FEEH. % ZEUmMA S AlTiFeNiCuCr.
WO ZE A Ry 2 e e LT ). 4 B . 2007, 43(10): 1020 —
1024.

11 H Zhang, Y Pan, Y Z He. Synthesis and characterization of
FeCoNiCrCu high-entropy alloy by laser cladding[ J]. Materials
and Design, 2011, 32(4). 1910—1915.

12 Zhang Song, Zhang Chunhua, Sun Taili, e al.. Study on
Microstructure and corrosion resistance of laser cladding Co-based
alloy[J]. Chinese J Lasers, 2001, 28(9): 860—864.
ik . kAR, INVESAL. . RO E LA S A R il
PERELT]. HEEOL, 2001, 28(9): 860—864.

13 Ding Yangxi, Dong Jie, Sun Xiaolong. Microstructure and
properties of laser alloying with Al-Cu powders on AZ31B
magnesium alloy[ J]. Chinese J Lasers, 2012, 39(12);: 1203006.
THZE, & A&, IVEk. AZIBEA S EHEOLE 421k Al-Cu
W MR AT S [T ]. P EEOL. 2012, 39(12): 1203006.

EERE REE

0803006-5



