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ABSTRACT: Composite coatings can effectively improve the strength, fracture toughness, wear resistance, and other properties
of traditional single material coatings, which becomes one of the research hotspots in recent years. Due to high hardness, low
density (4.5 g/cm’), and good oxidation resistance, TiB,-metal composite coating is believed to be one of the more potential
candidates for improving the surface wear resistance of key components. In this paper, the microstructure, phase structure, and

bonding strength of plasma-sprayed FeCrBC-NiAl-TiB, composite coatings were characterized. The abrasion resistance of
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FeCrBC and FeCrBC-NiAl-TiB, composite coatings was also studied systematically.

Raw materials TiB, (10wt.%), NiAl (10wt.%), and FeCrBC (80wt.%) powder were mixed in a three-dimensional mixer for
60 min in proportion to prepare the FeCrBC-NiAl-TiB, composite powder. The 304 stainless steel (30 mmx10 mmx3 mm and
25.4 mmx10 mm) was selected as the substrate. Before sandblasting, the samples were cleaned with acetone to remove the
surface oil. An atmospheric plasma spraying system (BSX-80, Xiamen Baisunxing Automation Co., LTD.) was used to deposit
the FeCrBC and FeCrBC-NiAl-TiB, composite coating. The phase of powder and coating was determined by an X-ray
diffractometer (XRD, CuKa, D8 Advanced, Bruker). The microhardness of the coating was measured with a Vickers hardness
tester (Laizhou Huayin, HVS-1000). The bonding strength of the coating was determined with an electronic universal testing
machine (WJinan Liantai, DW-100Y). The morphology of the coating was observed with a scanning electron microscope
(JSM-6390LA) and an energy-dispersive X-ray spectroscopy (EDX, INCA X-MAX). The wear resistance of samples was tested
with a pin-disc friction and wear testing machine (Zhongke Kaihua, SFT-2M). Before the test, the surface of the samples was
polished with SiC sandpaper to keep a similar roughness (Ra 0.2-0.5 um). A displacement sensor probe was applied for the
morphology of the grinding of the samples. The wear rate was calculated and the morphology after the friction surface was
observed.

The surfaces of FeCrBC and FeCrBC-NiAl-TiB, composite coatings were both composed of dense and smooth areas and
loose molten particles. Because the melting point of TiB, particles was higher than the metal phase, the spreading deformation
after particle impact was smaller, hence the surface roughness of the composite coating increased. Both FeCrBC and
FeCrBC-NiAl-TiB, composite coatings were closely bonded to the substrate, and there was no obvious crack at the interface.
The bonding strength of FeCrBC and FeCrBC-NiAl-TiB, composite coatings was 69.5 MPa and 69.1 MPa respectively. TiB, in
the composite coating had good wettability with the FeCrBC phase and NiAl phase. The microhardness of FeCrBC coating and
FeCrBC-NiAl-TiB, composite coating were equivalent, which were 823.3HV0.1 and 810.8HVO0.1 respectively. The wear
volume and wear rate of the FeCrBC-NiAl-TiB, composite coating were 0.11 mm’ and 0.65x107° mm3/(N‘m), respectively.
Compared with the FeCrBC coating, the wear rate of the FeCrBC-NiAl-TiB, composite coating was reduced by 38.1%, which
exhibited good wear resistance. The wear mechanism of FeCrBC-NiAl-TiB, composite coating was mainly abrasive wear and
fatigue wear. Because of the uniform distribution of hard phases such as TiB,, (Fe, Cr),(B, C), and (Fe, Cr);(B, C) on the surface
of the coating, the wear resistance of the FeCrBC-NiAl-TiB, composite coating is significantly improved. The FeCrBC-
NiAl-TiB, composite coating can effectively improve the wear resistance of the substrate and has a good application prospect.

KEY WORDS: atmosphere plasma spray; composite coating; microstructure; coating properties
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Fig.1 Morphology of powder: a) FeCrBC; b) NiAl; ¢) TiB,;
d) FeCrBC-NiAl-TiB, composite powder
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Tab.1 Process parameter s of FeCrBC coating and
FeCrBC-NiAl-TiB; coating for plasma spraying

Primary Secondary Distance/

Parameter Cur;ent/ gas (Ar)/ gas (He)/ mm
(L'min™") (L-min™")
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Fig.2 Morphology of FeCrBC coating: a) surface; b) cross section
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Fig.4 Tensile fracture morphology images of coating
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Fig.5 XRD spectrum of FeCrBC coating and
FeCrBC-NiAl-TiB, composite coating
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Fig.6 Microhardness of stainless steel, FeCrBC coating,
and FeCrBC-NiAl-TiB, composite coating
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Fig.8 Wear rate of stainless steel, FeCrBC coating,
and FeCrBC-NiAI-TiB, composite coating
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Fig.9 Morphology of grinding crack of stainless steel (a), FeCrBC coating (b),
and FeCrBC-NiAI-TiB, composite coating (c)
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XKLL Fe. O &, WEAHE Cr M Si, WERKN
Bk o BTSSR v S RO, TR B
#EM Fe Ml Cr 52K AR AE RN, ALY, B
BRAL A B0 A D RS, TR S HIE , X e 4/
VS 1 i M FRTE A Jois UKL 0V S5 BT T 1A 340 9% B b -
JESZ, Mt C X EZLL Fe, O NE, WEDEE
Cr 1 Si, HLUBE NG, HILAT LIS, FeCrBC
TR 2 1 S AL B 5 B S A R 55 B P . &1 9¢
FeCrBC-NiAl-TiB, & & I 2 B 48 55 461 )5 BE IR i) 0ouL
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FeCrBC-NiAl-TiB, & &I )2 BE IR (9 AL V8 G 4 15
PR B G 9, BRI o TiB, S — PRIk &9,
RN 4.52 glem®, IR N H4E AT N 25~35 GPa,
HA R AP AR e 102 Y B g wI) A At
WAL, A U= 5 XA AR “RERERE” A3 il
D] O B 42 5k R v R 2 Y BS LU, AH R FeCrBC-
NiAL-TiB, A2 MBI WA . X IR ST R

WML, 454G EDS HEAHras R (W3 3 FE 10)
RIL, TiB, B YRHI A TR BIR L, TiB, ik
5 J&Fl Ni-Al #15 FeCrBC 254 N E%, T B
gr, WER=ARMEBMEAIE . 5 FeCrBC IR)Z M EIR
e, BEWREBERFILEMEARIE, HHRT
KEEEHIE . XREEDy, EEpTED, BEi= A
JERL AR IR AR N LA, SRS SR R A, BELAS
TR E X AT EI B B AR R A
(e i EE TiB, BEAS TS HI S X R i, Rt re
BAWREIR P EEAERIE . 5 FeCrBC IRZ22
oL, R mlBoR e R I Ve T 2 AEFITE, T2 R
Yo [, 38068 B AR A Ni-Al A A a-(Fe, Cr)3Z 5]
BERL AR, WYL, TiB, 58 B4 & %L, B
FEd e, R TR R S AR TS, B AR T X
SefLRR . I, FeCrBC-NiAl-TiB, £ &5 2 B R h A
2T KBNS . FeCrBC-NiAL-TiB, & 514 /2 B R
MLHE 32 2 g s 453 R 5 BB 45

*3 BE8HARERFELESTER
Tab.3 Energy spectrum results of different regionsin Fig.8
at.%

Zone Fe Cr Ni Al Ti O B/C Si

A 4057 1121 428 — — 3563 — 1751
B 633 125 _ — — 05 237 —
C 4383 578 — — 36.51 9.24
D 97.6 209 —
E 5250 6.81 259 — 1.27 30.58 7.53
F 6777 680 — — — — 2543 —
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Fig.10 Mapping of elements of energy spectrum of grinding crack of FeCrBC-NiAl-TiB, coating
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