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Table 1 Process parameters for high velocity oxy-fuel spraying
of WC-WB-CoCr coatings

Process parameter Value

Oxygen flow/L h* 53
Kerosene flow/L h™ 32
Powder feed rate/g min™ 80

Spraying distance/mm 320
Gun barrel length/>0.0254 m 6
Step distance/mm 4

Gun traverse speed/mm s 800
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Fig.1 Morphologies of WC-WB-CoCr powder (a) and coating: (b) surface, (c) cross section, (d) fracture section
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Table 2 Porosity, hardness and bonding strength of

WC-WB-CoCr coatings

Property Value
Porosity/% 0.4140.07
Hardness, HV,s/MPa 11524.84610.54
Bonding strength/MPa 85.345.7
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Fig.2 XRD patterns of WC-WB-Co-Cr powder (a) and coating (b)
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Fig.3 SEM morphology and EDS element mappings; EDS analysis results of marked spot 1 and spot 2 for WC-WB-Co-Cr coating
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Fig.4 Friction coefficient vs time (a) and trajectory of wear tracks (b) of the coating at different temperatures
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Table 3 Wear track width, wear track depth and wear rate of the coating at different temperatures

Temperature/"C Width/um Depth/um Wear rate/m* (N m)™*
680 409.2 5.1 6.94>107°
710 506.9 8.9 1.41x10™
740 512.3 10.1 1.56x10™°
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Fig.5 SEM morphologies of the wear tracks of WC-WB-Co-Cr coatings at different temperatures: (a, b) 680 C, (c, d) 710 C, and (e, f) 740 'C
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Table 4 EDS analysis results of marked regions in Fig.5 (/%)

Region w o} Co Cr
A 61.3 30.5 4.7 35
B 60.0 30.4 4.2 34
c 75.9 115 7.2 54
D 58.7 33.6 4.3 34
E 59.9 32.6 4.2 3.3
F 65.3 26.4 4.7 3.6
G 58.3 314 6.4 3.9
H 54.2 334 9.1 3.3
| 56.0 30.7 10.3 3.0

Ty HOEE, FUET A A R, I TR E
%A, A, M 5 v DUKEL, BRI EAFE 2
P BT BRGSO BB AP, T Ak
A By E R s, TR PSRRI AR B P AR Y, ERAL
ANWrEF Y R, RAEHYIIMIER TRV, @k
Raman Jtily (WLIE 6) @gE—L a5, £ 102,
276, 794 11 993 cm™ fT L T8 T WOs [f1F S 551k
e, #E 477. 698. 853 Fl 890 cm’ ML I T @ T
CoWO, [fif Rk I, i i il BE L AR v, IR 2
WC A CoW,B, #5= KAEH I ER WO, M
CoWO,. FH, FEEIRENFE, WOs &R, 1M
CoWO, MAHXT & & TFm. MK 4 [ EDS 45 KW

e-WOs3  +-CoWOs

Intensity/a.u.

200 400 600
Raman Shift/cm™

K6 A IR A B R T R s 2 0 3
Fig.6 Raman spectra of the wear tracks surface of coatings at

different temperatures
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Fig.7 OM and SEM morphologies of the Al,O3 dual ball at different temperatures: (a) 680 “C, (b) 710 “C, and (c) 740 C
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Table 5 EDS analysis results of marked regions in Fig.7 (/%)

Region wW ] Co Cr Al
A 4.6 42.7 - - 52.7
B 67.7 215 45 4.0 2.3
C 64.6 274 4.2 3.8 -
D 45 459 - - 49.6
E 5.7 427 - - 51.6
F 62.5 29.6 4.2 3.7 -
T — HEANEAFAE DRI CoWeCs W,C I WoB. ¥iJ2 554k
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Fig.8 Raman spectra of the wear tracks surface of the dual ball at

different temperatures
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Effect of Temperature on High-Temperature Friction and Wear Properties of
WC-WB-CoCr Coating

Shen Chenglong*?, Liu Xia®, Ren Yi'?, Zhang Shihong"?, Xue Zhaolu*, Yang Kang*, Yang Yang*
(1. Key Laboratory of Green Fabrication and Surface Technology of Advanced Metal Materials, Ministry of Education, Anhui University of
Technology, Ma’anshan 243002, China)

(2. School of Materials Science and Engineering, Anhui University of Technology, Ma’anshan 243002, China)

Abstract: WC-WB-CoCr coatings were prepared by high velocity oxy-fuel spraying (HVOF), and the effect of temperature on the frictional wear

properties of WC-WB-CoCr coatings was investigated. The microstructure and mechanical properties of the coatings were characterized by SEM, XRD

and microhardness tester. The high-temperature tribological properties and oxidation products of WC-WB-CoCr coatings were investigated by friction

and wear testing machine and Raman spectroscopy, and the abrasion scar morphology was scanned and the wear rate of WC-WB-CoCr coatings was

calculated by a surface profiler. The results show that the WC-WB-Co-Cr coating mainly consists of WC and CoW-B,, and the coating structure is dense

and tightly bonded to the substrate. The friction coefficient of the coating decreases from 0.66 to 0.57 as the temperature of the wear test increases, and

the wear rate of the coating increases with the increase of temperature, but the growth rate of its wear rate decreases with the increase of temperature.

During high temperature wear, the oxide film on the surface of the wear marks mainly consists of WO; and CoWOQ,, and CoWO,shows better high

temperature wear resistance than WOjz. The main wear mechanisms of the coating are oxidation wear, fatigue wear and adhesive wear.

Key words: high velocity oxy-fuel spraying; WC-WB-CoCr; temperature; high temperature wear
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