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1 ;% FeCoCrNi 1 FeCoCrNiNb &/ & & 15 8 2 1) X &
o< A

A SIS L 304 ANEBAN A EAA AR, FEAAR R R
~Fo8 100 mm>100 mm>10 mm. S5 A o b 480 3
MBRIATITE, UABREMERmEE . AN
99.99%, ¥y AKif%E N 53~100 pm ) FeCoCrNi =&
SH AR NG Ny 99.999% 1 Nb 44 J8 ¥ K 5 R %%
4 B R LG ) FeCoCrNiNb Eii & & mEE. X H
QM-2SP 7 i REER EE L FeCoCrNi ¥ K 5 Nb ¥y K 4%
JEE IR Ay B0 411 TEANER AN BR S G rb R FH B A ek P R Bk ot
ITEREE, BERRSM AR 10:1, AP IEEREE T
PR R AR IRAE T, TEEREEATEIA 30 mL /K &
e, BREENLE: Y 200 rimin. BREE 1 h )5, BE4&H
REESTHEMPLLT5 CRET 6h, LLEBRBHAF
TG 7K 2B RN B% B 7K 4 o

SR FH 3 M 25 75 2 M R T TR R, IR A
25 g/min, FHIK AR EELA 1.2 mm. RAGLHOL
#(TRUDIODE-3006)7E 304 A4 4K 2 T i % FeCoCr-
NiNb BRI EBESBEE. RGN TZ23H5
s WOEIhEE 2500 W, I E SN 1000 mm/min, Dt
HEAA 3.6 mm, #AEEEN 50%, @WARTHEN
15 L/min.
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Fig.1 XRD patterns of FeCoCrNi and FeCoCrNiNb HEA

coatings

1 TREEFEBRES
Table 1 Calculated mixing enthalpy AHmix of different atom
pairs (kJ/mol)

Element Co Cr Fe Ni Nb
Co - -4 -1 0 -25
Cr - - -1 -7 -7
Fe - - - -2 -16
Ni - - - - -30
Nb - - - - -

2 FeCoCrNi #l FeCoCrNiNb Fif & & 178 B &M H R
Fig.2 OM microstructures of FeCoCrNi (a) and FeCoCrNiNb (b)
HEA coatings

3 FeCoCrNiNb m /i & 4 B 41 % EDS Ju & i+
Fig.3 SEM microstructure (a) and EDS element mappings (b-f) of FeCoCrNiNb HEA coating
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BN EIRIRE (dmax)~ BB (HU LA HEE
fIELfE . Hrf, FeCoCrNi #4721 FeCoCrNiNb %% %
J2 B B K e IR IR FEE Cdimax ) 7390 4 384.80 Fl1 289.27 nm,
W6 BT Nb 76 3 I I 5 250 R R IR R B2 B B K
Omax HIVR/IN 32 B FE b 0 068 B2 45 B2 7. S5 RH, 2
PR & )6 78 2 K EEE 4373 3.456 F1 6.066 GPa,
HH%: T FeCoCrNi #5752, FeCoCrNiNb /4% 2 44K
T RE 2 e T T 40 1.75 f%.

gify 2 FBEREMALF XRD K, A
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ERIEE (H) aTlAR (3) FxRP,

Hy=Ho+Hs+Ho (3
Hr, Ho v FeCoCrNi #4758 Z IR, Hy A Nb
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WA 5150 A ) Laves AH7Z A 10 55 AR SR AT 51 G A0 A
JEH 5 . /£ FeCoCrNi =i & &k &, HT NbJtH
5 Fe. Co. Cr. Ni JEFIEEREKR, U NbTE
[ ¥ 75 bee MR, 2 535 158 boe A IR i A IR A2 20N
PHAS AL EEIZ Bl , DN 7= A B Ay 5 2 11 [l V5 e A0 R
URAL, WG TE 208 R o BT 2 i 7 R ) A
B [ 3 A 5, AT 30— 25 B T i St A S SR B2, AR Al
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Fig.4 Load-displacement curves of the HEA coatings

*& 2 FeCoCrNi #1 FeCoCrNiNb HEA R EHN K EIRITH
S8
Table 2 Parameters of nano-indentation behavior for

FeCoCrNi and FeCoCrNiNb HEA coatings

Alloy H/GPa E/GPa HU/GPa dma/nm H/E  HY/E?
FeCoCrNiNb 6.066 231.54 0.257 289.27 0.0262 0.0042
FeCoCrNi  3.456 209.48 0.145 384.80 0.0165 0.000 94

Hy=MGby e (4
Hr, M N PFHRmET, G NEABUISE, b
TR IR B, we NentE MM BEAERZ 5, ¢ A%
AR FIREE . X (4) ATLUEH, BE& Nb oK [H
WR fee AH, 10w I AR FE RN IR 1 18] 11 A g A8 ]
AR T S G R R B A TR ) R B AN

Ak, ZEWET S — ML 2 HT Nb It
FMAMSEBERZTER T BEG B ER Laves
. H4E Orowan iR A LL#E R FeCoCrNiNb 447 =
f) 555 M 5 AL ML A B340,
0.13bG In[d J (5)

clp[(o.svp )% —1} 2

Hp, G NREREMAMBIVIEE, d, N3G
HAR, Vo NSRBI, b A il (5)
AL, AT BURL A R R A BOBR K, bR 1 iR R R R P
. SEREZENSMAL, Laves IS0 A5
EEEEY, TR T IEEE RO .

zi B R, FeCoCrNiNb &7 JZ 40 K & 1 $2 Tt
FE L T Nb o & A LE foo A1 7= A2 1 [ 7 5 4k 3L
RLFA Laves AHBT H T 5142 25 — A BT HY 5840 2808 BT &
;.

WE AN, A 1 S A T AR S AR sk g L
AR, R Z B (MPa) A %&R AR,

Uz bmac (6
(26.43d,,,,)”

H, Lo NECREAT (15 mMND,  dyax A 5K TR
J& . FeCoCrNi ¥4 78 /2 1 FeCoCrNiNb #4785 = i & FH fii
4358 0.145 F1 0.257 GPa, #4578 )= 3l i 57 2 vk
5 LI BE A 0 E B R A . Rk, Nb G 2 s nml 45 34
PETH Iy 8 U2 110388 FH A 55 A0 B 1k . Bk Ak, HIE [ EUE
FORIBTE 2 1R AE 1, HYE? I BUE BRI 8 2 7R3
L FE R BT I ME AR fiE /11981, FeCoCrNi 478 J2 A1
FeCoCrNiNb ¥4 78 JZ (1 HIE {1 HYE® {4 2 % KN
0.0165.0.0262 F10.000 94.0.0042.. 1% % B FeCoCrNiNb
1578 2 B B I BB M AR T R
2.4 THEM

55 2 MG & EEE TR NBRAMET
JEE 5 2 K I ) AR Ak T 45 . 45 5L B, FeCoCrNi ¥4 7
JZ 1 FeCoCrNiNb 4 78 2 17 35 B #52 2 %4 53 31l 4 0.739
F10.519, MRAEEE RE ML T LUEH, 2 FEEZEH
JEE V5 2 A BE WIS tH B T BRI BN, B S I
TP gg by, 7R A T b 2R AU
R AERT, R EEIRAT R, B R BN B B B 54
BH R AEEEE . AR ARSI, AR B

Hg =
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Fig.5 Evolution of the friction coefficient of two HEA coatings

as a function of wear test time performed in dry conditions

Je T A B T R SR8, 5 2 gy oK T R ek i
R#E B, FeCoCrNiNb ¥4 78 JZ H AT 5 i i i B A Az
TERe Sy, DR BEE R B BN 55, 1 FeCoCrNi 447
BT ERAR. LB 1B, SRISEE
TE B R o 5y P AR AL RO R TS S5, B T I R
RIHRERE, F806HEZEERB 2R

6 v FeCoCrNi 478 |2 fll FeCoCrNiNb /57 2 I
“HEPRIRTE S, FeCoCrNi 447 )2 B 1 L B AR Al B A4t
WA TR ), FEHLBIREVR. BT Nb LHRR
MiEATIEEEEEMB AR, T
FeCoCrNiNb #1478 2 It BB IR AR 1% . g =40 BT Nb i &
X IR JE T BEVE S, LT 2 RhATE 2 1 b 1
B, WSTE 2 I BE R R ] SR,

-V <))

FL

Horp, KONWGE#R . VNIRRT FORSMINEAT
LoARIEBhIEE . B 7 8 2 Fa7E 2 10 B SR BRI LG
BE 35 2 AR B, FeCoCrNi #4 7% J2 Al FeCoCrNiNb ¥4 78
JE I B BE A5 240 1 6.3910°8 1 2.5410°° mm/(N m).
F% T FeCoCrNi ¥57% )2, FeCoCrNiNb &7 2 i) B 4
PRAR AN L BE 457 26 430 F B 1 29 59%F1 61%.

RN 2 FlEE R B BLEE, SR SEM X BE 45
RMMBATUEEL, 2 FOEEZMERIZIME 8 Frr.
TEEI AR RT DU H 2 P 78 2 10 B 450 3R T Y A7 AE BRI
R, PR AR A BEX . IhAk, TE 2 MOEEE
(1 B IR SR T 3 R I T 4l /N3 sr . JF H FeCoCrNi
A 78 2 10 B 451 TH FRUS K T FeCoCrNiND 457 2. fE &
PRI, BRI ) AT B R 5 s 7 R B AL T
R E AR, 1R R S B D0 IR
M, BIERTH R AR AT I kA KAk E, I

K6 2 Fas )z =BT
Fig.6. 3D wear track morphologies of FeCoCrNi (a) and
FeCoCrNiNb (b) HEA coatings
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Fig.7 Wear volume and specific wear rate of FeCoCrNi and

FeCoCrNiNb HEA coatings
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Wi BB AN S TR 57 B B A B AR LA S
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K8 FeCoCrNi il FeCoCrNiNb = & 4 ¥ 7 )2 B IR T 5
Fig.8 SEM morphologies of the wear surface for FeCoCrNi (a-b) and FeCoCrNiNb (c-d) coatings

b MR B BAT 9 S R JE R T AN B 7 A AR
AR A B i sy P A P55 A0 B 28 Mk AR T R g T oA 35k B 1k A
WL FERRAE . SEMKEIRS R, FeCoCrNiNb
BA B E M gOREE AT TR Re 0y, TR BB IR VR
Bik. BhAh, Nb JCEEATE fec M, #&wm T fec A
(RS, I ELJE 78 2 AR U= Nb-Laves AHE A 8
() fi BE R AR T B 110, W LR $EFE T FeCrCo-
NiNb %78 2 (T BE 1 . 1 FeCoCrNi 478 J2 i T o
FERAR, YU R iRz, S EOLEB IR R H I
KERITE, KREMRE RS T B IR R M RS B
Tt T PERER S A R BEE ), I B HE R A
Fhom, dEmInR B A VA R . R, S A R
ZAE BRHAR BRI ERIES, FeCoCrNiNb
1578 2 B A T AR R P SE  AR T e  FO i B

3 & it

1) FeCoCrNiNb =& & 147% 2 i foo [FHVE k4
IR E A hep 45¥9 1) Laves AL . 1T Nb 7t & g i3
TERASEEZNAFTEEE, E Nb-Laves F i
BOIREEH, foo [V AR A TEIER 25 44

2)Nb JGZ [0 AR 78 J2 7 AR B 5 %) ] A A
i, A E Nb-Laves AR 215 T SR L /E
RERFT SESIEZ AR s
HIE. R HYE?, 1% 2 A B P A 68 11

3) fE T3 EEE B S5 4, FeCoCrNi Al
FeCoCrNiNb =i 4 & 4 14 78 J2 (1 °F 35 BE 45 2 5053 3 N
0.739 1 0.519, Lk JE i A 6.39x10° Ml 2.54%

10° mm/(N m). 41 % F FeCoCrNi ¥4 78 /2, FeCoCrNiNb

V7 2 L BE 40128 T B T 4 61%.
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Microstructure and Wear Behavior of Laser Cladding FeCoCrNiNb High Entropy
Alloy Coating

Wang Shi, Wang Lin, Yin Xiaowei
(School of Mechanical Engineering, Shenyang Institute of Engineering, Shenyang 110870, China)

Abstract: FeCoCrNi and FeCoCrNiNb high entropy alloy (HEA) coatings were deposited by laser cladding, aiming at studying the
influence of Nb addition on microstructure, hardness and wear resistance of coatings. The formed phases, microstructural evolution,
nano-hardness and wear behavior of FeCoCrNi and FeCoCrNiNb HEA coating were clarified by using XRD, SEM, EDS, nano-hardness
measurement and friction-wear measurement. The results show that the FeCoCrNiNb high-entropy alloy coating is composed by fcc solid
solution and Nb-Laves phase. The nano-hardness (H), elastic modulus (E), H/E and H*/E? of FeCoCrNiNb coating are 6.066 GPa, 231.54
GPa, 0.0262 and 0.0042, respectively, which are much higher than FeCoCrNi coating of 3.456 GPa, 209.48 GPa, 0.0165 and 0.000 94.
With the increase of nano-hardness, the friction coefficient and specific wear rate of FeCoCrNiNb coating also decrease, which are 0.519
and 2.54>10° mm®/(N m), respectively. The addition of Nb can effectively improve the nano-hardness and wear resistance of FeCoCrNi
high-entropy alloy coating.

Key words: high entropy alloy; laser cladding; Laves phase; nano-hardness measurement; wear resistance
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