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Microstructure of CoCrFeMnNiC, High—-entropy Alloy Prepared by Plasma Cladding

WANG Zhi-hui, QIN Xiao-ting, HE Ding—yong, CUI Li, JIANG Jian—min, ZHOU Zheng
(College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124)

Abstract: The CoCrFeMnNiC, (z=0, 0.05, 0.1, 0.2, z is mole fraction) high—entropy alloys cladding lay-
ers were prepared on the Q235 steel by plasma cladding. The component, microstructure, crystal structure
and microhardness of the layers were investigated. The results show that the microstructure of the cladding layers
consists of dendritic segregation. C, alloy only contains single FCC phase, and the lattice constant is 0. 359 7 nm. As
carbon is added into the alloy, Cr;C; appears and the lattice constants of FCC phase increase to 0.3602
(Co.05)5 0.3603 (Cy.1) and 0. 3618 nm(C, ,), respectively. The morphologies of Cr;C; change from stick to
polygonal granular with increasing C. Element C in the cladding layer can not only be used as a solid solution
element, but also form Cr;C; with the element Cr to play dispersion strengthening effect. Therefore, the mi-
crohardness of the cladding layer increases with increasing C. The microhardness of the cladding layer reaches
354.7 HV, 4 » when the mole ratio of C is 0. 2.
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Tablel Composition design of the CoCrFeMnNiC, clad-

ding layer (w/ %)

Element Co Cr Fe Mn Ni C

FRZ Y8 7 1 UV BOGRFE . K/ A 15 mm X
15 mm, M3t B O 6 b B SR J5 A E K
g, R XRF-1800 B X 28 56 56 )6 15X
(XRE) X6 8 2 BEAT 1853 50 07 5 3 2 2 0 R 25
¥ 43 Hr e XRD-7000 B X 526 15 542 (XRD) |
HEAT IR A5 0F oA Cu 8, 0 & Ha R 35 KV, il &
HLUE 30 mA, F 3 A2 1°/min, F 46 Fl 207~
100°; 3% OLYMPUS PMEG3 #I 4 41 i £ 5% %t
T 7 2 3 EAT WA A LS . FH SEM. i A 11
AT AL (EDS) #F 47 38 X5 43 43 #7 5 i il HXD -
1000 7Y & o A B 31 D0 3K 45 7 )2 S 1 B 3 A
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Table 2 Chemical composition of the CoCrFeMnNi clad-

ding layer (a/ %)
Element Co Cr Fe Mn Ni
Nominal 20 20 20 20 20

Actual 19.46  21.69 18.41 17.96  22.49

Co 20.99 18.51 19.93 19.57 20.99 0
Co. 05 20.95 18.47 19.89 19.53 20.95 0.21
Con 20.91 18.43 19.84 19.49 20.91 0.43

Co.» 20.82 18.35 19.76 19.41 20.82 0.87

K1 CoCrFeMnNi 4 & 4 k6 7 )2 7 I 51
Fig.1 Macro morphology of the CoCrFeMnNi high—en-

tropy alloy cladding layer
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Fig. 2 XRD patterns of the cladding layers
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Fig. 3 Microstructure of the alloys cladding layers
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Fig.4 SEM morphologies of the alloys cladding layers
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Table 3 EDS analysis of the arrow marked in Fig. 4 (a/%)

Alloys Area Co Cr Fe Mn Ni

DR 21.70 24.89 14.88 16.55 21.98

Co
ID  19.89 28.17 11.53 17.95 22.46
A 25.12 26.29 10.09 15.90 22.61
CO.OG
B 3.66 33.89 2.30 5.63 2.26
A 25.06 22.61 11.20 17.18 23.95
CO,]
B 2.67 22.44 1.55 3.36 1.70
A 10.15 8.43 4.86 6.64 10.32
Co.2
B 1.35 28.63 1.39 3.05
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Table 4 Atomic radius of different elements and mixing

enthalpies of atomic pairs (kJ/mol)
Element Co Cr Fe Mn Ni
Co(1.25 A) -7 -1 -5 0
Cr(1.25 A) -1 2 -7
Fe(1.24 A) 0 -2
Mn(1.26 A) -8
Ni(1. 25 A)
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Table 5 Microhardness of the cladding layer (HV, ;)
AHOY Co Co. 05 Co. Co.2
Microhardness  258. 2 250. 6 326.6 354.7
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Fig. 5 Cross section microstructure of the C, o5 alloys
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Table 6 Chemical composition on both side of the fusion

line (w/ %)
Elements  Co Cr Fe Mn Ni C
Cladding
8.97 17.01 10.39 9.64 10.16 43.26
layer

HAZ 2.16 3.28 70.07 2.23 1.72 19.69
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R B BE (1 185 K DA ) 25678 Ky y—Fe, i DLl i
AR B m A G R AE v - Fe ¥ HLR
BT LUE— B FREE B 45 Tu R A SR TR A g
ABUEN . WIHEY BRI Em AKX
D = Dyexp[ AQ/RT] (1
Hod, Dy ¥ 80 5. AQ AT HLFLE fE
eV, ALLHE L Co.CroMn, Ni 7E 1 200 K & JiF
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BORY BB s g5 T 7 . TR AT DL E
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Hilm a5 8 —5.
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Fig. 6 Line scanning analysis of the HAZ perpendicular

to the direction of the fusion line in Fig. 5
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Table 7 Diffusion constant and diffusion activation ener-

gy of alloy element in y-Fe

Element Dy/Cem® « s71) Q/ (k] » mol™)
Co 1. 25 305. 2
Cr 4.08 286. 8
Mn 0. 16 261.7
Ni 1.09 296. 8
3 &

(D RASFE T E RS % T CoCrF-
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