335 el b =B X W L E Vol. 33 No. 6
2020 4 12 H CHINA SURFACE ENGINEERING February 2020

doi: 10. 11933/j. issn. 1007 —9289.20200901001

HREEXHMILIEE CoCrFeMnNiC. 5 & &R E
JEE 122 & 351 0 it 0L 14 B ) =2 il

XUgERr, xiidber, MBOcRs, wfiddr, MEFR, THH, BROAK, skibefs
(RIS bR 5 TR, L] 650003)

f OE: RABOCRE AR 45 MR LRI T AR RS 8 (SR ) B9 CoCrFeMnNiC, (x=0,0.03,0. 06,0. 09,
0.12,0. 15) WA 4%, #at X HFLATH (XRD) FH3#i B 45 (SEM) \HVS-1000A 4 5 3 B3 RST5000 %Y e, 1k 2%
AR UMT-2 BUEE S 4 50 AL 35 2 A A T BeBIF 5% 1 AN [l e & i RHEOEIE B CoCrFeMnNiC, R 75 4 1 )2 W AH
S5H 0 OHRE Y | R A K S I M RE A R, S5 IRRIT ) Mk A R ¢ B O BTSN E 0. 09 B, SR A B AHE T B FCC
BAFAAREE AR N FCC AR My, Cq AHILAE A & tOM AL SV AR A0 /N s 175 7 24 R B 1 183,20 HV,,, 4N 223. 48 HV,,;
% 110 B 5 DR B ARG, T S e A /28 0 5 68 ot el A7 P — 469 mV # K ZE - 348 mV, Ji b Hl U 5 5 1Y 14. 95 A - em U8/ H
2.29 pA-em™ T HPEREGR, MBS « 0. 00 BTN ZE 0. 15 I, & &S5 TR FEAE N FCC B, A& 4
WRZH LR SR IR 5 05 702 5 2 5 o P AR, AL P ek BB e 0l 35 S 3 . & AR 3% 5 0. 09 B, T B e ey L
it JE sk B e 5 TER S iR 0. 15 B i M AR

KR A a, MOCKE, BEEER, WS, Monas

FESES: 16174.44; TG113 MEARERD: A XEHS: 1007-9289(2020)06-0118-10

Effects of Carbon Content on Friction and Wear Behavior and Corrosion Resistance
of Laser Cladding CoCrFeMnNiC, High Entropy Alloy Coatings

LIU Jingzhou, LIU Hongxi, DI Yingnan, LIN Jianquan, HAO Xuanhong, WANG Yueyi, CHEN Lin, ZHANG Xiaowei
(College of Material Science, Kunming University of Technology, Kunming 650093, China)

Abstract; CoCrFeMnNiC, (x=0, 0.03, 0.06, 0.09, 0.12, 0.15) high entropy alloy coatings with different carbon content
(‘equimolar ratio) were prepared by laser cladding on 45 steel substrate. The effects of different content of carbon on the phase
structure, microhardness, friction and wear resistance of laser cladding CoCrFeMnNiC, high entropy alloy coatings were studied
by means of X-ray diffraction (XRD), scanning electron microscopy ( SEM), HVS—-1000A microhardness tester, RST5000
electrochemical workstation and UMT-2 friction and wear tester. Results show that when the C content x increases from 0 to
0.09, the phase structure of the high entropy alloy changes from FCC solid solution to the coexistence of FCC solid solution and
M,;C¢ phase, and the microstructure of the alloy becomes fine. The hardness of the cladding layer increases from 183.20 HV ,
to 223.48 HV ,. The friction coefficient decreases, and the wear resistance becomes stronger. The corrosion potential increases
from =469 mV to =348 mV, and the corrosion current density decreases from 14.95 wA+cm™ to 2.29 wA-cm™>. When the C
content x increases from 0. 09 to 0. 15, the phase structure of the alloy transforms into FCC solid solution again, and the micro-
structure of the alloy returns to coarse state. The hardness and corrosion resistance of the cladding layers decrease, but the wear

resistance first weakens and then increases. The hardness and corrosion resistance of the alloy are the highest when the carbon
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content is 0. 09, and the wear resistance is the strongest when the carbon content is 0. 15.

Keywords : high-entropy alloy; laser cladding; friction and wear; corrosion resistance; microstructure
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Table 1  Physical parameters of alloy powders

Element CoCrFeMnNi C
Lattic type FCC FCC
Particle size of powder <25 pm 30~50 nm
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Mole fraction/%
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1 58.5 9.2 9.1 23.3 - -
2 47.8 6.6 1.9 33.8 - -
3 73.8 26.2 - - - -
4 18.6 15.6 15.2 17.9 15.9 16.8
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Table 3 Wear lost and friction coefficient of coatings

Alloy  Lost weight/mg ~ Average friction coefficient

C, 0. 54 0.44
Co.03 0.40 0.47
Co 06 0.14 0.36
Co 00 0. 46 0.22
Co 1 0.21 0. 40
Co 15 0.30 0.13
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Table 4 Wear depth and wear cross section area of coatings

Maximum Wear section area
Alloy
depth/ pm /%10’ um*
C, 37.90 24.48
Co.0s 28.30 20. 48
Co.06 4.70 1.76
Co.00 4.07 2.33
Co.12 24.90 15.70
Co. 15 18.20 5.61

M ow=0. 12 B, 755 4 B IR R 2 1S 0 1 [w) Bsf
JER R TR, HAER 9 (e) il B3, IR
AR A RIVE RS, R B UL 4 3R 1H 37 3
2 fle 57 A P R ™ B
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Fig. 11 Hardness and wear volume of CoCrFeMnNiC,

T AL S RS 300 2 S 0 A 42 Ao 57
IR AR B

2.5 HREMEME

Fl 12 ARS8 T CoCrFeMnNiC, /=5 %
BEWRIZN Tafel fhgk, 3 5 A CoCrFeMnNiC,
G ERZNBRAFESE, 7Ex N 0~0.15
B, A 4 R SR () B ARAT O, BT LA
& HA R s fbPERE

Current Density 1g i / (A-cm?)
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Potential / mV

B 12 CoCrFeMnNiC, % &4 1) Tafel fIZE
Fig. 12 Tafel curves of CoCrFeMnNiC,Z HEA

%5 CoCrFeMnNiC, SAE&RBLESH
Table 5  Electrochemical parameters of CoCrFeMnNiC, HEA

Corrosion Corrosion current Polarization resistance Lost weight Corrosion rate/

Alloy potential/mV density/ (pA-cm™) /(ohm-+cm?) /(g+dm™?-a™") (mm-a™)

Co -469 14.951 1871.252 12.770 0. 190
Co.03 -463 9. 147 2376. 542 8.348 0. 106
Co.0 -352 6.304 3448. 468 5.753 0.073
Co.00 -348 2.293 9479. 002 2.093 0. 027
Co.12 -378 3.780 5751. 567 3.450 0.044
Co. 15 -485 8.992 2417. 564 8. 206 0. 104
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