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ABSTRACT: The work aims to investigate microstructrure, mechanical behavior and friction and wear properties of
NiCr-Cr;C, coating prepared by APS and HVOF. NiCr-Cr;C, coatings were fabricated by APS and HVOF, respectively. Phase
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compostion, microstructure, bonding strength, hardness and friction wear performance of the coatings prepared by two different
processes were investigated systematically with X-ray diffractometer (XRD), scanning electron microscope (SEM), universal
test machine, microhardness tester and high speed reciprocating friction testing machine. The prepared coatings had good
bonding effects with substrate interface. The coating prepared by APS had a lamellar microstructure with some microcracks
between the lamellars and higher porosity. However, the coating prepared by HVOF had a uniformal microstructure with no
apparent microcrack and lower porosity. The XRD results showed that the phases of coating prepared by APS were NiCr, Cr;C,
and Cr,Cs, while the phases of coating prepared by HVOF were NiCr and Cr;C,. The coating prepared by HVOF presented a
better wear resistance than that prepared by APS. The steady friction coefficients of coating fabricated by APS and HVOF were
0.4 and 0.6, respectively. The friction coefficients of coating prepared by the two processes decreased significantly with the
increase of load. The worn surface of NiCr-Cr;C, coating prepared by APS showed apparent indentation and spalling, while that
of NiCr-Cr;C, coating prepared by HVOF showed a smooth grinding crack with no apparent spalling. Main wear mechanisms of
the coatings prepared by the two processes were abrasive wear and fatigue wear. The NiCr-Cr;C, coating prepared by HVOF has
more compact structure and better comprehensive mechanical properties and wear resistan than that by APS.
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Fig.1 Surface morphology of NiCr-75%Cr;C, powder of APS
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Fig.2 Surface morphology of NiCr-75%Cr;C,
powder of HVOF
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Tab.1 Processing parameters of APS

Parameters Value
Voltage/V 70
Current/A 500
Powder carrier rate/(L-min ') 40
Spray distance/mm 100
o(Ar)/(L-min"") 55
o(Hy)/(L-min™") 12

x2 BEENEBARIZSH
Tab.2 Processing parameters of HVOF

Parameters Value
Propane pressure/MPa 0.7
Oxygen pressure/MPa 0.8
Nitrogen pressure/MPa 0.8
Air pressure/MPa 0.8
Nitrogen carrier rate/(L-min ") 12
Spray distance/mm 300
Spray angle/(°) 90

1.3  HEREMNR 5 R4
KA Quant400 Y46 R B TR 2 R TE S

¥ J1 D8 DISCOVER Y X SR AT A 53 B Wy AH 2 %
X HHEIE N Cu-Kal(4=0.154 05 nm), 20 HA3H#E N
10 (°)/min, Z% GB/T 8462—2002 ( #AME5 HiHigh
BRI RE ), MR Z 4 A . B 10 skk
FRECK 200 AT RS, SR A i iR )2
FLBE R HM-MT1000 % 5 i 4k [CRE 5 06 R 40
MG ERE R, T 300 g, fRIERTE 15 s, SR
HSR-2M U5y 311 &2 PR S 0 MLE A7 11 &2 T B 480k
¥, XHEEER N EAE S mm B GCr15 #ER, TMAIRZE
AL, EMARATN 50 N A 100 N, 8 BEEIERE N
5mm, FEHELH AN 250 t/min, RAEHIR 5 Hz,

2 HRE5VR

2.1 WUEHRSH

 3a. 3b 433 BN T 26 A9 NiCr-CrsC, 1
FEHRMIES . & 3a alH, APS 52 2K 1m0 ik
PO BEAT, 32 TR0 DU Al 8 4 R S e ik
RSSO B, Bl 3b R
HVOF ¥ )2 3 11 ORI &, 3 0 al JBURE f) R A2 91
I 10~20 um, W)ZRMEHAIEIE . HVOF Bl
AR /N, H HVOF MR R 3000 °C, it/
TFEBE T KIEHEF (10 000 °C ), NiCr-CrsC, ik
HRM G RAR R T, X E ek TS, T35
KT 2 H, Y B INEUR e JRR 254 1

&l 4a. 4b 4350 RP T 200045 89 NiCr-CrsC, I

b HVOF
Pl 3 NiCr-CrsC, W2 35 1 SEM
Fig.3 SEM images of morphologies of NiCr-Cr;C, coating
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Fig.4 SEM images of cross-section morphologies of
NiCr-Cr;C, coating
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Fig.5 XRD patterns of powder and
coatings by APS and HVOF

2.3 HFEMHBEST

KPR T 248 NiCr-CryC, &2 1 1270
REVLZE 3, HIEATH, HVOF T 20 & % 2 iy i g
MEEG Y =T APS IR)2, HALBRTL, wfh
T2 WU 2 PR R IR B A7 25 S 0 S IR R
HVOF #y AR R4 e APS #HyACki42 /), H HVOF Byh:
FRAT T R, /NI D e o S R o AL, (A
WENTM AR Z LSS L, WREENEE ., L,
CryC, B JT A 72 150 )2 h o NiCr K45 AR A B, 2H 215 in
|, H. CryCy i J5 Ok R T FRAIS , (07 4575 3h 2[R,

HIt HVOF 3 244V nases, MRS e, i HBHR
SR L LI RSB R DO RI AN Y I U S Iy VA
WIZER S, 456 . A 4 B nT I g
MELF, APS IRJZ M BAMEHEE K HVAT TR, X
AR TR Z 2R 5 T,

£33 FARERIZHEH NICr-CrC. BRI 1344

Tab.3 Mechanical properties of NiCr-Cr;C, coatings
prepared by different processes

. Vickers Bond
0,
Process  Porosity/% hardness (HV,3) strength/MPa
APS 12.7 784 42
HVOF 3.5 960 65
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Fig.6 Wear morphology of NiCr-Cr;C, coatings
prepred by different processes
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Fig.7 Friction coefficient of NiCr-Cr;C, coatings
prepared by different processes
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Fig.8 Wear morphology of NiCr-Cr;C, coatings
prepared by different processes
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Fig.9 Frcition coefficient of NiCr-Cr;C, coatings prepared by different processes under different loads
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