Surface Engineering %ﬁ:[:ﬂ

IR FeMnNiCo Cris i
BeRERNA ARG R
S o PERERF S

X| %, RS, B, L2FEM

(FTif K 2 T2, % M 213022)

[FE] £ Q345 AR L, RIM M in B #H K4 & Feg,. . Mny,Ni,,Co,,Cr, (x=10, 12.5, 15, 20, 25, 30) e R
BB IR Cr A B bk B R &M Fed ik ey Fot, 4581 X S EATH A A2t & F 2RO S RS2k B
B L4 L5 A | ) B AR AT B ARRR Gt e e AL S T AR SE R AR B0 B E e b AR B E ., BFR LR AR Crl0 A E
ALy BCC A8HM) pk,, F ik & 5] 249 BCC #= FCC At ARM k.. F& Cr 20938, FCC A9 4 F 038 % 5 R
VUL LR W A R G S A AR s A TR B AL B R AR L BB A B AR E AL 2 LA KB D,
F£ Cr B F 53 20% Bk 3] 5% KAE( 25 500HV ), £ 3.5% NaCl 72k ¥ 64wtk b X 30 £ 90, Crl0 4 & B4 5% /)

8 G AR R E B, Cr12.5 AA RS MBI ke, AP AN, AR S E

JE AR PERR

KEHE: SEee;BLnE; A

5 AR R E

DOI:10.16080/j.i1ssn1671-833x.2019.21.059

a:h

X &
MIHARE,ARFEAREL
BEEF,

o W — e 5 R EL S AR L
ERTTRAL, th TR R AR T
DA 2 J Rl Ak 5 0 PR 18, BT A e
WA B BE R AU AR 2 4
J 1814k & W, S Tt 2 JE B faT B0 04 T
OIS (FCC) Bk T 5t
(BCC) [ i e et
B A B AOUL A A4 [R] P, B SR B
D B 32 A ik g

il A A A B O i 2
A BIUEKRY. BERAEREH
il J7 % AT LA T ) 45 A

BB Cr20 LA FIFH) 4r b F) 5 Ao it

i 4n, R R g 4 D 5 4 R A
Al,CoCrCuFeNi Y 4 J& & 1k ¥ 1
AU SR LAk A OB R A A
BiFeCoNiMn {3 i 1 2.
PAFEA — R, HIORE KiEF
W B RERAL Y TR AR SR F
I E AN S S &)=, I
Ah BOCIETR, O TR A S
SRR, — e S BT S A 1Y)
FEITCEENBERIZITRN L
FERBERE, N, 7 45 40 oG
FeCoCr,NiB miia4s 2 ML 78 Ti-

*BEEWBE: EHEKARP 2 4(51875169) 5 5 A 3 ARk 45 (2= AT H )
(2018B731X14 ) ; LA WIFE AERHIF 5 S ERATHT 1015 ( KYCX18_0538 ).

20194655628 552110] - Bt hERAR 59



A
~—Ix  oru

6A1-4V &4 REFHOLEE TIVCrAIS
WA %, AT CrnE a4
AT sk A EEEE (RS DRI, A SR
B ARTE Q345 40 L&A
[F] Cr & R A AIR2 , AR
Cr X UR 2 2S5 R g it Jg
TPERE R RZ IR , A el AN AN R T
AEAN FeMnNiCoCr RS ERIZN
TR FI RSB

KB RAE

A5 K F Fe. Mn. Ni. Co.
CriXSFEEMmAR,BLET 6F
Feg..Mn,Ni,;Co,,Cr, (x=10,12.5,
15,20,25,30) & 4 W4 ™. F X
whoh T Ak, 435I Cr10., Cri2.5,
Crl5. Cr20., Cr25. Cr30 KR A
Cr T ENSMEGERZ. RAME
J& By R B4R K 200~300 H , 4l B AE
99.5% LA F. IRA & EM AL 4.5h
BRIEEJ57 | SR OB R A s BRI VR 4T
1) 45 SR A AR VR MECLE Q345 AN EEA I,
TG TR YAG e S E0E
WOt s, BRE—2REE
B FEM A B2 T4, 7E 60°C 11
TR O 3he AR/ DR BRI,
WO E 4 EEmMHaaEkZ.
BT 2% P=3.0kW , 80 41 4% o Jir
N 260mm/s. WOEEE SR, DIE
J% 10mmx10mmx 10mm J/ ML,
e, B U EN T BRI B SR
Je FARUBEA AL TG

{8/ PW3710 B X B 417 51X
XHIRFE S TAH AL A BT, X Cu #E
AT, 5948 /A BEYE LR 20°~100°,
W2 412398 50 ) I >R i TSM-
6360 S R B iEE. RH
Vickers il B4 (i 1.961IN,
JNZRESE ] Ry 15s ) KOV 2 i B g
BEALIN B 8 A a5, BT S4B E Ay fil
B A5 . SR H CHI660E %Y HL {k
2F AR TE 3.5% NaCl IFAHE S,
HEAT AL 2EI L, I R 2 H R
W A FEL AL Y, = B IR 2R . Tafel
e Ak I 38 ) 99 4 5 % 0.5mV s,

60 Wiz REEEA - 20194 625 5 2110]

TR IR XA i A TR TV LY A T
ARAFAH R PR RS o

ZR5i1ig

1 HEH5sH

WOEHIBL Fegy MnyNi, Co,Cr,
(x=10,12.5,15,20,25,30) /& 5 &
SUR)EH XRD KIS LK 1, Al b,
ZIRR WA 4 E 202 BCC
FCC PR 25l XEHA SR
FHR AR T &) S IE
B, ITTTE B fR L% FCC AT BCC XYL
A

AT ST 5 R R, BCC A
1 FCC A = 2AEHAE 44° 1 45° 1t
SHAMHE . ME48WZET 10% Cr ot
RO, B EW)ZUE BCCH, A
WEN FCCAiHIE, X CromRW
JFFE 4 HE T 10% 35 K3 20% i
FCC MZ s 2, BCC AH 2 8T
Wb, 2 Cr uHR k| 20% B}, FCC
AH AR 5 A BCC A, 15 31
HHEdH FCC MM £, M BCC
AH VAR X B 2. 2 Cr Y 20% 3
KEF] 30% Ayt fEH, FCC AH % i
W/, BCC HHZ G Z . R, b
CrooZ Mg, G4&wZ2h FCC
AR B R e s v /b, RFE T 20%
Crift HARZ M FCC M, B2
BCC A &t i 4 = A0

(111)¢

Cr25

2 BN

WOEHBL Feg MnyNi,, Co,Cr,
(x=10,12.5,15,20,25,30 ) @44
W21 SEM FE R ILIE 2. HEI 2(a)
AIAL, Cr JUR R0 10% B, 1%
PV EARTY Sy N E R b T 1
A AR JZ R4 BCC A . H
K2 (b) A4, Cr ot E 540 5y
KE) 12.5% i, BB T AEH B2 4l
LU, BT A A2 H AR AR
IR JUBT IR E T FCC ARG 2,
EABLLBCC MM E . HIE 2 (¢) Al
A1, Cr TR T 808 K E] 15% B,
fm R E— 25 /N LI R 2 H FCC
% BCC ML, HK
2 (d) [, Cr LR KF] 20% A,
Y VA 0 N = W B2/ T O R R =
" FCC ik EH £, BCC IR,
MK 2 (e) %, Cr ot &R 05
AR H 25% B, FR A dobi AR AR K,
I} BCCAHFF RIS 2, FCC AHAE
WMEEE 2 (£) A LLFEH, Cron R
KE| 30% B, fRiE K, HE N Z N
FEBR A, BEE R 2 BCC A —2
Han, FCC FHHE—2 k>
3 EESH

ot E Feg..MnyNi (Co,Cr,
(x=10,12.5,15,20,25,30 ) @S &4
U2 % TR R AR AL 2R UL IR 3. 1T
T TR Y N N R

ﬂ\ 200 )( 220
130 (200) ( 9 ) '>(211)(3'11)

Intensity (a.u.)

20 30 40 50

60 70 80 90 100

20/ (°)

E1 Fe, Mn20Nil0Col0Cr, x=10, 12.5, 15, 20, 25, 30 SHEELEREHXRDEE
Fig.1 XRD patterns of Fe,, Mn20Nil0Co10Cr (x=10, 12.5, 15, 20, 25, 30)
high-entropy alloy coatings
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Fig.2 Microstructure morphologies of Feg,_Mn,(Ni;;Co,,Cr, high-entropy alloy coatings
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Fig.3 Hardness of Fe,, Mn,,Ni,,Co,,Cr, high-entropy alloy coatings
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Fig.4 Polarization curves for high-entropy alloy coatings in 3.5% NaCl solution
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Table 1 Polarization parameters for Feg,_Mn,,Ni;,Co,,Cr, HEA coatings in
3.5% NaCl solution

Cr JET435 1% Corrosion current density/(LA-cm ) Corrosion potential/V/
10 0.573 —0.485
12.5 5.316 —0.386
15 2.034 —0.402
20 1.053 —0.409
25 2.541 -0.515
30 4.398 -0.524
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Microstructure and Corrosion Resistance of Laser Cladding FeMnNiCoCr
High-Entropy Alloy Coatings

LIU Tao, ZHAO Lijuan, ZHUANG Mengya, JI Xiulin
(School of Mechanical and Electrical Engineering, Hohai University, Changzhou 213022, China)

[ABSTRACT]
resistance of Feg, ,Mn,Ni,,Co,,Cr, (x=10, 12.5, 15, 20, 25, 30) high-entropy alloy coatings prepared by laser cladding

The work aims to investigate the effect of Cr content of the coating on the microstructure and corrosion

technique on the Q345 steel substrate. The microstructure of the high-entropy alloy coating was analyzed by X-ray
diffractometry and scanning electron microscopy. Meanwhile the microhardness and corrosion of the coating were
characterized respectively by microhardness tester and electrochemical workstation. The results show that Cr10 coating
consists only of BCC phase, and other coatings consist of BCC and FCC phases. With the increase of Cr content, the content
of FCC phase first increases and then decreases. The microstructure changes from large equiaxed crystal to fine dendrites, and
then changes to larger columnar crystals. At the same time, the hardness of the coatings also increased first and then decreased,
reaching a maximum value (~500HV) when the Cr atomic fraction was 20%. Corrosion resistance tests in 3.5% NaCl
solution showed that the Cr10 coating had the lowest corrosion current density and Cr12.5 had the highest corrosion potential.
Therefore, laser cladding high-entropy alloy coating Cr20 has good comprehensive mechanics and corrosion resistance.

Keywords: High-entropy alloy; Laser cladding; Microstructure; Corrosion; Coating
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