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gk TiC &)@ M UKL T A IR 9N oK 48 5 A X
AICoCrFeNi & & 4 I 1 B2 W AF 7L 85/, TRl itk A
FLIB OIS B AR 304 A EEIN R T 1] & AICoCrFeNi+
2TIC B A EEEHE. NEERZMHS G KM
AR, ROMTEK TiC X mii & & Ia IR Z 0 .
VS A% 5 5 et R PR 2
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BME A 304 BLIRIAAEEAN, RFA 150 mmX
60 mmXx2.5 mm. AICoCrFeNi & &k KK E N
45~105 pm, TiC 5 K ki 4 480~520 nm, 7%
AICoCrFeNi =il & &M RPN E 288 2%
TiC &EPEM AR, KHIKEBENIGR A AKIRE 6 h,
NE G R TR B s, RFEREE 2h WA 0.5 h, OGS
BT i s R e AR R, REEERE,
304 ANEBHANEEM K BT TR 120 CE&H-
SO0 % R H £ ABB HL#E A CFL—2000 & 4F %
o8, WO 1100 W, HHGEE S 6 mmis, %
K B2 15 rimin, #EEEN 33%, EH A (ES) 5
L/min, JaBF BN 2.2 mm. A7 R 5 R H 210 %)
W HE M 4% RAE TR BEAT V) BB AR, X R
TR RS ARFT B4, Fo B /KR v 30s A4,
LBEE Ve .
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600E  Hi 4 2 LA il Wk v 00 & < 0 J2 B0 JE o L o)
CHLfR 5N 3.5 g/L NaCl )
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Fig.l1 XRD patterns of AICoCrCeNi and AICoCrFeNi with TiC adding
high-entropy alloys
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Fig.2 SEM microstructure and EDS analysis of AICoCrFeNi high entropy alloy with TiC adding: (a) macro morphology of cladding layer,

(b) element distribution of cladding layer, (c) bottom of cladding layer, (d) middle of the cladding layer, (e) top of cladding layer,
(f) TiC particles and (g) EDS element mappings of C, Al, Co, Cr, Fe, N, Ti
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um) JUVEAH o 7 I FE ok R AR RN it 2 R
R, TEREN GRS SN BT, fd A5 A I AR = T
(] 2e) B PP B 2T UL IR B d o R,
B SR NS ER T TIC J0RL i ki B4 500~2000
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S0P A A AR R, A RS KNS B i A
GRS G FAEKEZE R) AKX, HILEX T
MRS AR R IIRE M, AR /DN 2 $ ] 4 i o e 233t 74
RAE, AR RO R A KR ARSI R 2 X, OW
ZERIR R AL RN B 510 Ao I RERE AT (B 2F)
AT DLW %% B 455 78 U J2 T3 AL WO 1) PR B ] 2% AF R
Al. Co. Cr. Fe. Ni. C &N AEBANRES, Ti
TR AEVTIEY & 4 DL ISERTE R IR ) 000 A 75 1 J2
o, AME S oOT R IR GRS B AKX (-109 kd/mol)
BHRT TiC PUTEAH BT 8 o b B L FE (1 K/ v s
TiC VIUEAHMITEAR, 2 dbA& B C B2 /N 5 T8 Ok
FORLGTVEAH,  [R)I H 23 412 13 37 07 T8 90 oK G0 e A 1) %
B, R EE G B G I, TIC YUiE A 2 R4 AL
BREEAR, BT TR AR, REMTTEM
WA T B8 2 2L RS B /N PR ST 5 e w4 1
2.3 REEE

K 3 /& AICoCrFeNi =& 4 & AICoCrFeNi+
2%TIC SiffA &M E IR RN SMAER, WK 3 F
AT LLWLEEF] AICOCIFeNi+2%TIC w415 2 H£ 1H P
Y B AAEE HVo, N 6700 MPa. AICoCrFeNi m=ifii& 4
E R F Y BARIE A 5832 MPa. TR 2% 45K
TiC =l A &5 78 1 2 107 3R FE BB LL AR AR I TiC
BRI T2 15%. X F B KR E iR E i
(1) TiC M A PS4 IZ 3, $RTHRZ MR .

CUA SCHRIE SEMAL-N AR A 5 s 1) S 1 5 L e
SRTLE SRS, 454 XRD B Ti iR
sk B2 MM HAN Ti JCRMEREmRigntk, fr
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WA, DGR L SR T A R B R A A /10
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Bl 4 2 EEHESEEE & AICoCrFeNi.
AICOCrFeNi+2%TiC =l & &5 IR 2 =0 T B
ARBBERONTE S . B da A JBE 15 B 461 S 6 J 7
P R bRy B W 82 X 32 B 4c. 4d. de. A BERRE S
KT X4k o [ Ab & T EALSE R 10 S 2 3% 1S 4
T b B 5 I TA) AR A 1) JEE B AR B 4, AT DL %2 )
AICOCrFeNi+2%TiC =ikl & 4 ik = (1) BE 5 R 20 AE i
I B G W B ST AR /N, BB 15 min A4 R)E
FEVR R BORNE, (EUL S5 BER R EGE T A 1 A8 e
3, ZNERER-FYEEREY 0.06. AICoCrFeNi
S SR EEVRE S M B, R R B bE A I AR
WA, 75 15 min fo A BEEE R ACBUERS A T IR
2 5 RIESZRE LT BkS, WRE TR E B B
HEBEHL R, AICoCrFeNi Bk & &1 T EE R
#°N 0.12. AICOCrFeNi+2%TiC tt AICoCrFeNi =i

F1 2c PRI E S B EDS #7455
Table 1 EDS analysis results of different points marked in

Fig.2c (at%)

Point Al Cr Fe Co Ni Ti C

1 8.18 15.42 33,57 9.99 12.00 0.51 20.34
2 11.37 12.11 25.82 7.84 1423 0.92 25.89
3 584 13.01 24.06 6.44 876 1056 31.33
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Fig.3 Hardness of AICoCrFeNi and AICoCrFeNi with TiC
adding high entropy alloys

A 4 1 BRI R BOCEUE ZEAR, I BLEE IR R B 00 33 3
IMBEEE T RRE, XEM AICoCrFeNi+2% TiC & &
ST, WK 2 P13 AlCoCrFeNi+2%TiC K
AICoCrFeNi & i & 4 5 47 1 AR RE 7 50ME 2 0 o~
(R,=16.747,20.343 m) , HINYK TiC BREBEER
TR P R 2 BT PR T 18%, R WL EE I 4T, X
500 PR RS RAE) A

K 4c. 4d 4372 AICoCrFeNi & AlCoCrFeNi+
2%TiC Ei & &R Z R B, ME 4c 7T LA SR
F| AICoCrFeNi BEHiiR 2R MR K& B, I®
JERMEAERE TR 185), AL G &R KA ™ H KB
PEARTE, TERALVARHAE, AT LA 5% 2 B30 Bt 30 % B
oLk, B CHRIESCX Rl & SRR AR, BTFHAE
A X EAC ML Z R, B E B A X MBI Ry
AEDT, 2y IR EERR ) (1) RADAMEE (& 2) it
ITREIE 0 HT, R 3 REil 45 R WA BB ) I AN s 4
TR, WEEBTUI R KA RS Z RS E i
o MLAMNRERTH MR SisN, BEEER 5iRE
RIEBESE PR A T MBI .

Kl 4d () AICOCIFeNi+2%TiC BEHii4 2 £ A B
R AR A R R R O, e /b R o A RN 1
Ve, WA SRS MBS, 5 AICoCrFeNi
JESR R A L AICOCrFeNi+2%TiC B 47 22 i B i 41
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W RYE (03 BAFETT (Rl 4) BT RIS 21T,
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AICoCrFeNi [ 151 3 [ S8 A0 = T VLB AN [|] 3% HL
AL TR B A I AR o B S B RR B TR
(180, b AR AE Orowan 2 H (1157 £ 55 % B o7 485 B )
HLHIBEALIE, 24 ook 2 /N T 20 nm 5 51 e fr 4 85 )
MU, TiC YliEY) (RifRim KT 20 nm) fE AT A
T 1 58 — AR T 5 51 L 4 55 2% M BELAS 32 5 iz 3
T A5 3% 2 22 T 7= AR A AL, SR A TiC JTE Al 2 i 1)
TSR A R W AR 8 0 BELAS R 2 B AR T, IX it

KX i 2 A P B AL AR T2

P 4e.4f 535l /& AlCoCrFeNi & AICoCrFeNi+2%TiC
HE A & BIURE I =43 E, ) E] 4e AICoCrFeNi
A A BRI B S 4E TR S AT DLW SR B BE R R VR
B T 2 U A, 2N EREHERKEEY
A 700 um, XS HTRE R IR, B iR
R AT O AL ST BEE B R R, B AR AR Y S KL
B o BN E R 3 BUR 2 3R 10 ARL5 5 A28 1 AR
. B 4f /& AICOCrFeNi+2%TiC BEHA 21 =4 1%
i, AT LLAULEE B R T R A G B I KR R R T e
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Fig.4 Surface wear morphologies and friction coefficient of AICoCrFeNi and AICoCrFeNi high-entropy alloy with TiC adding:

(a) schematic diagram of friction loss test; (b) coefficient of friction; (c, d) wear morphology of AICoCrFeNi and AlCoCrFeNi

with TiC adding; (e, f) three-dimensional wear morphologies of AICoCrFeNi and AICoCrFeNi with TiC adding



« 612 - WA SRR T

%5 51 45

% 2 AN TiC By AICoCrFeNi & AICoCrFeNi SiBE & BIRE R AT E
Table 2 Wear rate and surface roughness of AICoCrFeNi and AlICoCrFeNi with TiC adding high entropy alloys

Roughness per unit area,

Alloy Original quality/g Mass after friction/g Wear rate/>10"° mm?® {N m)™*
Ra/pm
AlCoCrEeNi 2.74415 2.73514 3.8 20.343
AlCoCrEeNi+2%TiC 2.77237 2.76708 2.2 16.747
*3 4c F1 4d FARREMLE A A9 EDS ST R
Table 3 EDS analysis results of different points in Fig. 4c and 4d
Point Al Cr Fe Co Ni Cc o) Si Ti
1 4.15 14.14 29.16 9.47 10.90 10.64 20.12 0.59 0.00
2 3.73 9.69 18.41 7.64 8.07 6.77 44.29 0.91 0.00
3 5.87 19.17 28.28 13.66 15.60 8.56 6.86 0.00 2.00
4 5.77 18.03 31.60 15.19 15.29 6.11 7.64 0.00 0.37

A, MReIEEE R (R 3) WTLLRBLAIN TiC B
W2 ALK Ni mER s, TiC BkiA T B2 M
CAI-ND B8, AI-Ni JU5EFI7E =5 N 23 B R A7 5
HRMRZERGBRIFMPENEAREE S, e IhE
BHEURL N R 2 R 4G . @i 5 AICoCrFeNi &
AICOCrFeNi+2%TiC =/ & 4 B iR Z IR (R2)
4351 3.8x10°, 2.2x10° mm® {N m)?*. AICoCrFeNi
+296TiC 112 1) BE 15 K 8¢ AICoCrFeNi /> T %) 42%.
2¢ b Ui B AICOCrFeNi+2%TiC ) i B& ¥ 4L T
AICoCrFeNi.
2.5 AEREMFYE

K 5 J/& AICoCrFeNi /% AICoCrFeNi+2%TiC
F A4 3.5 g/L 1 NaCl J& ik 7% o 7% Bl 1) B
b 26, MO H AT bW %% £ AlCoCrFeNi J¢
AICOCrFeNi+2%TiC = /i & & ik = & 1 # A Bl L
X, 2 B UR 2 T s 2 Hp 2R T A AR Ak, VR TiC
J§ ik 2 B AR S RN TiC R ki 2 B Ak
(0 J8 sk F A S FELAS [ o A A % SOk [4, 7] 92 HH R ol v
B2 B4R ) 2 8 b BT IR (R AR, HLEUEBOR & &
JE3 A 1 /N o JE ik FE SR P CHIG60E #4433 4T
Tafel AMEVEILG WALt 2615 21K 4 B o) b AL 5 1k
S RN TiC 1% 2 19 AICoCrFeNi & & 4 55 oh et
(R =TI R 0 S N 7 =R (T = B = e
¥ Je Wt AlCoCrFeNi K AICoCrFeNi+2% TiC & /)2
BIS)JE vod A, HUE R AR Bk R, 5 RS B
(R R ST TR AL . BRI s o,

A TIC WEK A B E S ORA N Tic ik
JZ I B R v O GBI 1 SR, TN
TiC ¥R )2 R I 9 R ) Bl Ak 4T Dy ELAE JR) A8 8 1k &
A JE AR PR A OB TR E , BEACHR R 4F ORI A
AN TIC MIRE I MR R, A e I I R R
Cr. Tiv Al TR 5 5805 K E R MR il Bl Ak i
BE A i 2 R B AT AN TIC B R AH A & e 4l
GUE AN S BUR,  BE 0K [ AR R e 0 T
FE, A BT % s B0 (B A N T 52 T U = T T
MERE. X LN TIC Mmi & eikEREAAE
I 9 T 5 e 12
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Fig.5 Polarization curves of AICoCrFeNi and AICoCrFeNi with TiC
adding high-entropy alloys
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Table 4 Standard corrosion parameters of AICoCrFeNi and

AICoCrFeNi with TiC adding high entropy alloys

Self-corrosion Corrosion current

Alloy ) ) )
potential/V density/A €m’
AICoCrFeNi -0.647 9.448x10°°
AICoCrFeNi+2%TiC -0.587 8.861x10°

3 % 8
1) AICoCrFeNi+2%TiC & aif/Z il Tic
SR AT 0, AHLLEL AICOCrFeNi =il & &3k 2 1
bee/B2 AHAT S U 58 E BT 0, BEAME(20 = 30°)JE K T B2
FAAT S, IXSRHY TiC HIAINA BT B2 MIRITEHL.
TiIC JUEAHLARERIE (GRG0 LIk (ReKZD 425
IAERE .
2) AICoCrFeNi+2%TiC Lt AICoCrFeNi k4 4
(72 AR B i T 40 15%. VRN TiC BEHURE )
TS GT, U EAR I AL AR RS FE . AlCoCrFeNi
WRIZIEIRT 18%, B R E LI T 42%.1E 3.5 g/L
NaCl VA IR S R SR, AN Tic BIRJZ HERESIN
TiC JRJZ M E B ik i EBUE N2y 1 MR R
J2 EA ST AT T ks b
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Wear and Corrosion Properties of Nano-TiC Reinforced AICoCrFeNi High Entropy
Alloy Prepared by Laser Cladding

Han Chenyang®, Sun Yaoning®, Xu Yifei®, Zhang Ruihua®?®, Zhao Fang*, Chen Lingna*
(1. School of Mechanical Engineering, Xinjiang University, Urumgi 830047, China)
(2. Yangjiang Hardware Knife and Scissors Industrial Technology Research Institute, Yangjiang 529533, China)
(3. Yangjiang High Power Laser Application Laboratory Co., Ltd, Yangjiang 529533, China)
(4. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Nano-TiC reinforced AICoCrFeNi high entropy alloy coating was prepared on 304 stainless steel surface by laser cladding
technique. The microstructure, phase structure and element distribution of the coating were studied by scanning electron microscopy,
energy dispersive spectroscopy and X-ray diffraction. The hardness distribution, wear characteristics and corrosion resistance of the
coatings were characterized by microhardness tester, friction and wear tester, ultra-depth of field microscope and electrochemical
workstation. The results show that the quasi-spherical nano-TiC and rod-like micron TiC precipitates are uniformly distributed in the
coated bcc (B2) matrix. The hardness of AICoCrFeNi high entropy alloy coating increases by 15% after the addition of TiC phase
compared with that without the addition of TiC. The surface wear rate and surface roughness per unit area (R,) decrease by 42% and 18%,
respectively, compared with those of AICoCrFeNi high entropy alloy coating. The dispersion strengthening effect of TiC reinforcing phase
in the coating is the main reason for the improvement of coating hardness and wear resistance. The self-corrosion current of AICoCrFeNi
high entropy alloy coating with TiC is about one order of magnitude lower than that coating of without TiC. The dense passivation film
formed on the surface of the coating by TiC reinforcing phase is the main reason for its good corrosion resistance.
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