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Abstract: High-temperature wear-resistant coatings are reliable guarantees of key friction pairs of aeroengines, and it is urgent to
further improve wear resistance of the coatings under increasingly harsh service conditions. Therefore, the
NiCoCrAlYTa/ ZrO, / BaF, « CaF, high-temperature wear-resistant coatings are prepared by laser-assisted thermal spraying
technology and the microstructure evolution with the chemical composition analysis are studied by SEM coupled with EDS

techniques. Moreover, the effects of the mass fraction of ZrO, / BaF, « CaF,, laser power and scanning speed on the microstructure,
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mechanical properties as well as high-temperature wear behaviors of the NiCoCrAlYTa / ZrO, / BaF, « CaF, coatings are investigated.

Results show that the laser-treated coatings exhibit ZrO, ceramic layers with dendritic microstructure on the top of the coatings.

Particularly, the coating containing 25 wt.% ZrO, / BaF, « CaF,, prepared by laser power of 80 W and scanning speed of 8 mm /s,

exhibits optimum performance. And with the optimized parameters, the coating exhibits dense and uniform microstructure, the

average value of hardness and elastic modulus could reach 13.6 GPa and 182.5 GPa, respectively, and wear rate could reach 2.7x107

mm® « N' « m™ after sliding under 800 °C. Also, the methodology of combining the component design and preparation process of

high-temperature wear-resistant coatings provides a reference for properties of coatings.

Keywords: laser-assisted thermal spraying technology; NiCoCrAlYTa/ZrO,/BaF, « CaF, coating, mechanical properties,

high-temperature wear
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Table 1 Nominal chemical composition of NiCoCrAlYTa and ZrO, / BaF, » CaF, powers

Mass fraction / wt.%

Powder

Ni Co Cr Al Ta Zr (6] Ba Ca F
1 35.1 18.4 16.0 6.8 0.5 32 10.0 34 1.2 2.8 2.6
2 32.7 17.3 15.0 6.4 0.5 3.0 12.5 43 1.5 35 33
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Table 2 Plasma spraying parameters

Parameters Values Parameters Values
Ar /NLPM 45 Power feed / (g / min) 45
H, /NLPM 3 Spraying distance / mm 130
Current / A 600 | Traverse speed / (mm/ s) 600
Plasma power / kW 27 Gap between passes / mm 3
Carrier gas (Ar) / NLPM 6 Stirrer / % 60
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Table 3 Part of the laser laser process parameters

Powders Composite Laser Scan velocity / Laser
coating power / W (mm/s) spot

Cl1-1 160 10 -1

C1-2 100 10 -1

Powders 1

C1-3 80 10 -1

Cl-4 80 12 -1

C2-1 160 10 -1

C2-2 80 10 -1

Powders 2 C2-3 80 15 -1

C2-4 80 12 -1

C2-5 80 8 -1
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Fig. 1 SEM images of cross-section of

plasma-sprayed coatings
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(a) Top region of C1-1, 160 W+10 mm /s (b) Central region of C1-1

10sum

(c) Top region of C1-2, 100 W+10 mm /s (d) Central region of C1-2

10 um

(e) Top region of C1-3, 80 W+l0 mm /s (f) Central region of C1-3

(g) Top region of C1-4, 80 W+I12mm/s (h) Central region of C1-4
2 AFEREOESE T OGB4 11 20% ZrO, / BaF, CaF,-NiCoCrAlYTa 421 SEM &/
Fig. 2 SEM images of cross-section of laser-assisted thermal sprayed 20% ZrO, / BaF, CaF,-NiCoCrAlYTa

coatings at various laser parameter
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(i) Top region of C2-5, 80 W+8 mm/s

(j) Central region of C2-5

3 RENSOGSHC RO LH B PR % 1) 25% ZrO, / BaF, CaF,-NiCoCrAlY Ta ¥:/Z#R 1 SEM &
Fig. 3 SEM images of cross-section of laser-assisted thermal sprayed 25% ZrO, / BaF, CaF,-NiCoCrAlYTa

coatings at various laser parameter

%4 20% Zr0O,/ BaF, CaF,-NiCoCrAlYTa ;42 2E 2 fRiCZHEBLER S (EDS) (at.%)
Table 4 Chemical composition of the marked phase of 20% ZrO, / BaF, CaF,-NiCoCrAlYTa coatings
in Fig. 2 by EDS(at.%)

Region

No. O F Al Y Zr Ca Ba Cr Co Ni Ta
1 38.32 0.43 0.80 10.81 38.69 4.88 0.55 2.20 - - 332
2 36.27 1.00 2451 1.70 3.89 13.70 6.25 7.02 - - 5.66
3 2.51 0 7.91 0.74 0.56 0.73 0.46 18.92 24.26 41.65 225
4 20.02 0.17 6.63 0.68 0.6 0.5 0.4 21.11 8.47 37.87 3.55
5 32.86 0 0.57 332 6.59 18.93 5.58 1.83 1.97 1.96 26.39
6 30.08 0.49 0.51 6.77 27.78 11.44 10.95 1.14 1.22 2.18 7.43
7 23.75 0.31 21.27 1.38 0.18 1.84 0.95 18.8 10.61 17.05 3.85
8 3437 0.47 40.43 9.27 0.55 0.8 0.44 5.22 3.1 4.73 0.63
9 2.15 0.46 1.09 0.58 0.55 0.60 0.23 17.07 28.08 48.46 0.74
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4 Mechanical properties of the cross-section of 20% ZrO, / BaF, CaF,-NiCoCrAlYTa coatings
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(b) Diagram of mean elastic modulus and nano-hardness
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Fig. 5 Mechanical properties of the cross-section of 25% ZrO, / BaF, CaF,-NiCoCrAlYTa coatings
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Table 5 Plastic deformation resistance and elastic recovery rate of composite coatings

Properties C1-0 Cl-1 C1-2 C1-3 Cl-4 C2-0 C2-1 C2-2 C2-3 C2-4 C2-5
H/E 0.017 0.081 0.064 0.083 0.068 0.014 0.061 0.070 0.068 0.110 0.076
Re 24.9 38.4 37.4 38.6 37.5 239 36.2 36.6 36.4 419 37.3
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(b) C2-5, 25% 71O,/ BaF, « CaFy+80 W+10 mm / s
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Fig. 6 3D and 2D topographies of wear traces of the coatings after sliding under 800 ‘C
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Table 6 Wear rates of C1-3 and C2-5 coatings after
sliding under 800 C

Composite coating Wear rates / (mm® « N« m™)
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