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Abstract; FeCoCr, NiB (x=0. 5-3) high-entropy alloy coatings were prepared by laser cladding on 45 steel. The oxida-
tion experiments of the FeCoCr,NiB high—entropy alloy coating with different Cr ontent were performed at temperature of
900 C, and the corresponding oxidation kinetics curves were tested. The structure and morphology of the oxide layer
were studied by adopting the analytical methods, such as XRD, SEM, and EDS. The results show that FeCoCr, NiB
coatings obey the parabolic law. With increasing Cr content, the oxide film of the FeCoCr, NiB coatings gradually changes
from Fe-rich oxide to Cr-rich oxide, and finally generates a stable and continuous film of Cr,O;. The surface morpholo-
gy of the Fe-rich oxide film is needle-like and loose, while the Cr-rich oxide film is granular—like and dense. The oxida-
tion resistance of the FeCoCr, NiB coatings is improved with increasing of Cr content. When the content of Cr is more

than x=2, better antioxidant properties of the FeCoCr, NiB coatings obtained.

Keywords: high-entropy alloy; coating; laser cladding; oxidation; chromium(Cr)

WREE: 2015-09-19; EEBH.: 2015-11-14; BEWE . * FWlH ARFEIEE (2012]01202) 5 48 4 @177 = 4 AF KT H

(2012H6001)
BIHAESE . WM 1963—), BAL, #H¥EZ, Wt ARABE: FHAEGEM B RILERMH AR Tel: (0591) 2286 3280; E-mail: pqdai@
126. com

P& RREARE: 2016-01-30 17 = 31; M4 HARMAE: http://www. cnki. net/kems/detail/11. 3905. tg. 20160130. 1731. 010, html

SI3CA&N: sk, AR, BALGR. 5K & X FeCoCr, NiB i & & 2 AT sz [T, o & TR, 2016, 29(1). 32-38.
ZHANG C, HUANG B, DAI P Q. Effects of chromium content on oxidation behavior of FeCoCr,NiB high - entropy alloy
coatings[J]. China Surface Engineering, 2016, 29(1): 32-38.



%5 1 3]

gk of 2 . 8% B X FeCoCr, NiB i & 4 ¥ J2 AL 17 O 152 i 33

0 3

IR s M A A A Sy — R R A R
EmiZ Az REY . ZE e R Ea s & U
B2 G N SR I A A BT AR I & v
M FIC (R 5 o 4w A S IRA M GRELED 1
AEREIT AL NIy MRS REN. 220
W B 4 T 0 25 # B — 1 ] B R 0 ST B T
LA A, HO B R R R, P AL i
0 Tk A R e B R A R

TE = i G 4 e Ak 5 T AL CoCrFeNi (=
0.15, 0. HH4AE 600 CT RS R A T K=
(Fe, Cr),0O, A, HHt A k¥ G 2 47 T HR3C
B, Bk AR ABESE T Al FeCoCrNi, Al s
FeCoCrNiSi, , fil Al, s FeCoCrNiTi, 5 &5 % & 4 7F
900 Crasas A1y i R A A AT o AR R E A
WA IX 3 Pl A 4 1t AL P BE L 3 P A A
G, HA LS 1T = A AL T RE .

H Al 0 A 4 b A LM BE I F o8 2 B4 v
TEYRBEGE . HPRX R K2 & AL &G
SRRTY SR EAE AL CoCrFeNi & £ 5
Wi 4 AR LA BT P 2R A BB SR MTHZ AR &R
FEEARAT N O B E D

YEF I TAEDFGE T FeCoCrNiB & 5 £ 4
W2 X E EE W R R0 FCC 45k B (R F1 i 1k
Y20 K HL A B e B R R R R A
Gi R SRR L A A S A R R I I Cr ST R T LA
PEE A 4 o i AU R g . B Middleburgh
U i R Cr JGE AE CoCrFeNi fk & H
HAT G 23 (08 SR L i e T R N B A I
23 (VL RE TN A 4 E Ak G v BT BLAR 2 1) Cr, O,
SE AL S - AT AR A 38 0 ) e Tl SR A M g

PRt S H O 45 8 7 5 ok 1l £ FeCo-
Cr,NIBEWE& &K ZE, W5 Cr ot & X FeCo-
Cr, NiB &0 & 42 U 2 80 i 86T 2

1 KB H=*

IR R BUE TR 2L AE A5 WA - FTEOE
JE )7 i 4 FeCoCr, NiB S BB IRZE . MR
B FeCoCr,NiB(x=0.5,1,1.5,2,3) [ FE /R
Fe o, R 4 B 3 F 99 % Y Fe,Co.Cr.Ni B 5
B A A9 TR 5 T B« EL R B R 45 o0 R B B i 0 4K
J9:20% B,4.0% Si,0.5% C,0.2% P,0.5%
Al, & Fe,

il

PR G RO S 24 50 J5 Ui B AE BE M 3
WM. ERZEEAN 1.5 mm, R A EHE
TruDisk 2002 8 fr X#OG & 17 WOB I B 1o 72
MEA#ETRP.BEZHE N £ AAE
0.2 MPa, BB II% 2 kW OLBEH AR 6 mm, £
i BE 3 mm/s, ¥R 5000, IR Z R L
Z I 45 L E AL 10 mm X 10 mm X 10 mm
AR I RD AR FT B B H R A e, 5 & it
A T 7 P R

FEAE 2 H BEL AP o R T AS % 22 FR A9 X L ik
Xf 45 PRI 45 4 FeCoCr, NiB IR JZ 1Y 45 Hixk
FESEAT IR 0 A AL 52 50 3 30 iR O 900 €L &t
10 b 30 1] B o il ¥4 20 5F B O %¢ L Fg i, S i
175 AR .

PR I SR FORS B4 0.1 mg B9 FA1204B 1y
HL RO B i & A IR o i 8 Ak . 1R O TR 3
R TR R RS T REE NG
Fr . BEAEE Sy 3 A ARG O .
%> FeCoCr, NiB IR J2 M AL IAE T 10l Cr-0. 5,
Cr-1.Cr-1.5.Cr-2 f1 Cr-3,

% H A # 2% D/MAX Ultima 11T % X 4 2%
TSR v )2 S A BB HE AT 2544 43 B . {8 ] SEM
(S3400~1D K EDS 43 b7 J2 A AN A0 3 187 LA K B
T A TE S AN A4 . SEM A 8 T 15 RE Vi 1 J2 B9 R )
BB, XRD 43 A iR Ay 480 A0 iR 1 I S 3R T

2 #REITR

2.1 REHLAERSAS

K10y Cr—1 3k JZ2 8 m ) SEM 204118 Fr .
AL LR R S R ST B O B X R R
R BRI . ORI U A (] 1(b)) s
LA IRES R ELA G — K FENE
JZRIZFIERB R T R BE S .

% 1 &y FeCoCr,.NiB % )2 # A~ [ #4 /) EDS
oy oM R . R PR LUE LB Cr B3
BRI R JZ P AAL Y A FCC 45 04 [ 7 R 1Y
Cr & # U TR BO R Z I . R Fe SR
AERAE Y h B AR . X BT AL P v Fe &
i Cr 7B A FCC 454 [ 35 K b 20 5F
AN

2.2 SHhBAhFHE
K 2 FF 7% h FeCoCr,NiB % 2 & 45 40 H {k
TE 900 CHI A& fbsh Jy2Fahge ., W™ 5,5 F



34 2 EH X W L E

2016 4F

Coating

(a) Low magnification

Coating

. Substr \ WK g

(b) High magnification
Bl 1 Cr-1 2 8IHE M SEM B

Fig. 1 Cross section morphologies of the Cr—1 coating
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Table 1 EDS analysis of different phases in the FeCo-
Cr. NiB coatings Ca/ %)
x Phase Fe Co Cr Ni B
_ FCC 0.6 245 7.1 28.7 9.1
"% Boride 25.3 15.5 20.0 6.4 32.8
FCC  29.9 26.3 11.8 32.0
o Boride 16.3 11.9 27.3 5.1 39.4
FCC  31.0 24.6 14.8 29.7
o Boride 14.2 7.8 39.4 2.9 35.6
FCC  27.1 24.8 20.2 27.9
20 Boride 9.9 5.5 45.0 1.8 37.7
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Fig. 2 Oxidation kinetics curves of the FeCoCr, NiB

coatings
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Fig. 3 Macro morphologies of the FeCoCr,NiB coatings and 45 steel after oxidation
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Fig. 5 Surface morphologies of the FeCoCr, NiB coatings after oxidation

2 5 f1 FeCoCr,NiB X E W R R K EDS &3 #7
Table 2 EDS analysis of oxide films of the FeCoCr, NiB
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A 19.16  5.27 1.19 1.17  12.75 60.47
B 14.88 3.94 10.67 2.32 8.91  59.28

C 0.06 0.03 32.01 0.00 1.04 66.86
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Table 3 EDS analysis of oxide films of the FeCoCr, NiS
coating shown in Fig. 6 (a/ %)
Zone Fe Co Cr Ni B O
A 0. 88 0.21 0.23 0.08 61.42 37.17
B 0.29 0.02 0. 04 0.10 63.76 35.78
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Fig. 6 Cross section morphologies of the FeCoCr, NiB coatings after oxidation
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