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ABSTRACT: This paper aims to improve the abrasive resistance of a plasma cladded FeCoCrNiAl high entropy alloy coating
by annealing. The FeCoCrNiAl high entropy alloy coatings were prepared on a 45# steel substrate by plasma cladding
technology. The cladded coatings were followed by annealing for 2 hours at 500 C, 800 ‘C, and 1200 C, respectively. The
microstructures and mechanical properties of both unannealed and annealed coatings were characterized through XRD, EDS,
SEM, 3D morphometry, friction and wear tester, and Vikers hardness tester. It is proposed that the cladded FeCoCrNiAl coating
before annealing consists of the BCC phase and plenty of unstable FCC phase. The single BCC phase was formed in the coating
after annealing at 500 C, however, the BCC phase began to transform and a uniformly distributed FCC phase was precipitated
when the annealing temperature reaches 800 ‘C. The coatings annealed from these two temperatures both have a high level of
hardness. However, the wear performance of the coating annealed from 800 ‘C after friction and wear at 400 ‘C for 30 min is
relatively poor, which is mainly attributed to the precipitation of the FCC phase. Furthermore, plenty of clavate and irregularly
shaped Fe-Cr rich phases precipitate in the FeCoCrNiAl coating after annealing from 1200 ‘C, resulting in a remarkable
reduction of the hardness and more serious of wear of the coating. Further study suggests that the wear mechanism of
FeCoCrNiAl coatings before annealing and after annealing from 500 ‘C is abrasive wear, the one annealed from 800 C

belongs to abrasive wear and adhesive wear, and the one annealed from 1200 ‘C has a combined mechanism of fatigue wear,

abrasive wear and adhesive wear.
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Fig.1 SEM morphologies of FeCoCrNiAl powder

& 1 FeCoCrNiAl ##7 EDS %
Tab.1 EDSresults of the FeCoCrNiAl powder

Element Mass fraction/wt.% Atom fraction/at.%
Cr 21.79 21.72
Co 26.10 22.95
Ni 22.62 19.96
Fe 21.43 19.89
Al 8.06 15.48
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Fig.2 XRD patterns of the FeCoCrNiAl powder



51 3

o R B ATEEE T8 FeCoCrNiAl =il & 4 1R 2 4120 St B 1 14 52 il 89 -

22 EEFIREFeCoCrNIAIBHEERE

HAS5YHES T

& 3 K45 e 1457 FeCoCrNiAl &4k 2R
KATAIZANF AR K 2 h J5 19 XRD &, f XRD
ML R/, KFEEFIHRERMRZETRT &6
BCC #l, BIERL T K& FCC 4., A%} FeCoCrNiAl
WK, WEENIRIZHF LT FCC M, Cheng % A2
WEilhy, 7RSS PR E SR b e Em AR EE T,
WA S SIS P S HIB B i = A A 7 IR
JEFEHE T FCC AHBIE AL, FTIE LAY FCC AHTE PRy
Hid R R AR R Ar , A EERAL. LT
WS, BEERIET FCC M TIERRA, Wi
HNFEIRBE I 52 ] B 2 K A il SO L AR o i IS
KW, EEAMAEE T 2S5, TR R —
BCC i) FeCoCrNiAl 1% 2, {HFTIE B4 ¥k /2 2 T i
WK, FERZNILIR  HaEskis. Wik, X
A FCC #) FeCoCrNiAl 12 HEATIR K AT pp—
BCC ML FBTIR 2 1A R0EE

WE2 500 Cil kJ5 i FeCoCrNiAl IR 2 HA
H— BCC M, J& FCC MIfF7E. X2 TAERZ T
FRAEAERAZS FCC MITE 500 CHYIB ot B k4T
LS LN T ¥ —0 BCC 45K, SRT, 418 Kk
TR = 21 800 CHY, ¥4 BCC AHF-IK 7] FCC %%
Ap, BB KR TR S 1200 °C, FCC A%, i
W 5 A #E T BCC 17 FCC MR8 | I At ig 2
/5 FCC A1 BCC fHII AL £ b, S5 FIE IR
FeCoCrNiAl B2, £ 500 CiBAJG, T3 —
BCC 1, 500 CMHEHE IR ZIAE A fe AR B .

a JRIR

c 800 °C

i #BCC/B2 ¢FCC
— (=3 o
3§ s g
HT 1200 C ) A A

e ;

s HT 800 C

2

§

g | HT500°C "

Original \
20 30 40 50 60 70 80
20/(°)
K3 REEEER K5 FeCoCrNiAl M2 1Y XRD i 4]
Fig.3 XRD patterns of the FeCoCrNiAl HEA coatings
annealed from different temperatures
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Fig.4 SEM morphologies of the FeCoCrNiAl coatings annealed from different temperatures: a) original
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Fig.5 EDS maps of the FeCoCrNiAl coatings after annealing at 1200 C for 2 hours
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Fig.7 Friction coefficients of the FeCoCrNiAl high
entropy alloy coatings at 400 C
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without annealing and annealed from different temperatures
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Fig.9 3D profiling images of worn surfaces of the FeCoCrNiAl coatings: a) original
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