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ABSTRACT: This paper aims to study the friction and wear behavior of Al,O; coating with atmospheric plasma spraying under
high hardness. The Al,O; coating was prepared by atmospheric plasma spraying (APS) with a thickness of 380 um. Besides, the
phase structure and morphology of the powder and as-sprayed coating were characterized by X-ray diffractometer (XRD) and
scanning electron microscope (SEM). The X-ray energy dispersive spectrometer (EDS) was employed to analyze the transfer of
grinding crack elements, while Al,O5 coating and two kinds of hardness and elastic modulus of friction pair were measured with
the help of the nano indentation apparatus. In addition, the friction and wear behavior of the coating was systematically studied
by the CSM friction machine. The chemical composition of the wear marks was analyzed by X-ray photoelectron spectroscopy
(XPS). The Al,O; coating was mainly composed of y-Al,O; phase, with a large number of pores and layered structure. In the
friction experiment, it is found that under the same friction pair, the friction coefficient of Al,O;coating decreased gradually
with the increase of load, and the wear rate increased. Due to the differences in mechanical properties of friction pairs, Al,O3
coatings exhibited different frictional wear behaviors. When the friction pair was Si;Ny, the friction coefficient of Al,O; coating
was small, but the wear rate was large. The friction mechanism was mainly abrasive wear and adhesive wear. At the same time,
Si3N, reacted with water in the air to form Si(OH), colloid with lubricating effect during the friction process. When the friction
pair was WC, the friction coefficient was large, but the wear rate was low. The friction mechanism was mainly adhesive wear
and abrasive wear, accompanied by fatigue wear. The y-Al,O; phase inversion occurred in Al,O; coating on the surface of wear
trace due to friction heat. The higher the friction coefficient was, the greater the hardness and elastic modulus of the friction pair
was, and the more serious the y-Al,O; phase inversion was. The high hardness of Si;N, and WC dual spheres has a significant
effect on the friction and wear mechanism of Al,O3 coating prepared by atmospheric plasma spraying, and the y-Al,O3 in the

wear marks will change to a-Al,O; during the friction process.

KEY WORDS: Al,O; coating; atmospheric plasma spraying; tribological property; Si;N, dual ball; WC dual ball
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Tab.1 Parameters of supersonic flame spraying NiCoCrAlTaY

Parameter Value
Oxygen flow rate/(m3~h’1) 19.8
Natural gas flow/(m*-h™") 13.5
The air flow/(m*>-h™") 18.7
Spraying distance/cm 27.5
The speed of the spray gun/(mm-s™") 800
Spray angle/(°) 90
Feeding rate/(g-min ") 25

x2 KXREFHFHIR ALO; BH
Tab.2 Parameters for APS s praying Al,O3

Parameter Value
Arc current/A 520
Voltage/V 65
Primary gas flow rate(Ar)/ (L-min™") 35
Secondary gas flow rate(H,)/(L-min") 8
Powder feeding rate/(g-min™") 25
Spray distance/cm 10
Spray speed/(mm-s™") 200
Spray angle/(°) 90
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Fig.1 (a) SEM morphology of Al,O; powder and (b) XRD patterns of powder and coating
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Fig.2 SEM of AL,O; coating: a) as-sprayed surface; b) cross-section; c) fracture surface
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xR 3 ALO;RE. SisN,f WC XHEIKH /1 #4858
Tab.3 Mechanical properties of Al,O; coating, Si;N, and
WC dual spheres

Al,0;  Si3Ny dual WC dual

Performance -
coating spheres  spheres
Hardness/GPa 15.29 23.13 28.98
Modulus of elasticity/GPa 228.17 300 470.43
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Fig.3 Friction coefficient of Al,0; coating with Si;N, and WC under different loads
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Fig.4 The 3D morphology of the wear surface and the corresponding section profile of Al,O; coating when it is rubbed against

SisNy and WC ball
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Fig.5 SEM morphology of the grinding surface of Al,O; coating with SizN, ball
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Tab.4 Element transfer on the surface of wear mark when
AL Oj; coating is rubbed against Si;N4 ball

Load/N Si element transfer/(wt.%)
1 2.08
3 2.33
5 3.0
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Tab.5 Element transfer on the surface of wear mark when
Al,O; coating is rubbed against WC ball

Load/N Si element transfer/(wt.%)
1 12.87
3 15.13
5 15.57
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