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Abstract: Over the years, the series of MCrAlY coatings widely used in the field of high temperature protection have received
continuous attention from researchers and engineers in various countries. The recent research results on the application of rare
earth modification technology to the preparation of thermal sprayed MCrAlY series coatings by the Harbin Institute of
Technology were summarized. The results show that the hardness of the NiCrAlY coating modified by rare earth increases by
30%—40% and the bonding strength between the coating and substrate reaches over 60 MPa. Adding rare earth can increase the
thermal shock resistance of the NiCrAlY coating with the thermal shock cycles more than 100 times at 1000 °C. Under 1000 °C,
the NiCrAlY coating added with rare earth is still intact after 190 h, and the surface has no special change. The weight gain
rate of the coatings containing 0.1% rare earth oxide is 60.53% lower than that without rare earth addition during oxidation at
1000 °C for 250 h. The addition of rare earth can significantly improve the high temperature vulcanization resistance and
corrosion resistance of NiCrAlY coating. Rare earth modification can effectively improve the high temperature performance of
the MCrAlY series coatings and meet the national requirements for high temperature protective coatings for high-end
equipment components.
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Fig.1 Surface morphologies and particle size distribution of NiCrAlY sprayed feed
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Table 1 Parameters of high-velocity oxygen fuel spraying

Spraying parameter Value
C3Hg pressure / MPa 0.59
Oxygen pressure / MPa 1.03
Air pressure / MPa 0.76
Powder ratio / (g'min™") 42
Powder flow / (L-min™") 9
Spraying distance / mm 240

x2 FAMHLeREFLENAEG NICrAlY BRI REN1E R EE
Table 2 Fluidity and density of NiCrAlY powders before and after adding rare earth metals and rare earth oxides

Powder Free of rare earth Containing rare earth metals Containing rare earth oxides
Mobility / (g's™") 3.2362 2.3935 1.8109
Tap density / (g-cm™) 4.5454 4.6296 5.1020
Apparent density / (g-cm™) 4.2682 4.4247 4.4642
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Fig.2 Surface and cross section morphologies of NiCrAlY spray coating
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Table 3 Microhardness and bonding strength of NiCrAlY coating

Coating No.0 No.l1 No.2 No.3 No.4 (metal)
Content of rare earth oxides (metal) / % 0 0.1 0.28 0.33 0.3
Hardness / HVo.1 281.3 243.8 322.1 347.3 396.8
Bond strength / MPa 414 52.4 55.5 48.8 41.5
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Fig.3 Cross sectional microhardness of NiCrAlY coatings modified by different content of rare earth metals and rare earth oxides
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Table 4 Bonding strength of NiCrAlY coatings modified by different contents of rare earth oxides and rare earth metals

Rare earth oxides Rare earth metals
Content, w/ %
0 0.1 0.28 0.33 0 0.3 0.6 0.9
Bond strength / MPa 53.13 57.30 61.40 67.15 53.13 56.70 63.14 59.34
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Fig.4 Surface macroscopic photos of five kinds of spray material after 66 times of thermal shock cycles
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Fig.5 Cross section morphologies of unmodified No.0 specimen and modified No.2 specimen after 51 times of thermal shock cycles
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Fig.6 Surface morphologies and EDS spectra of NiCrAlY coatings modified by rare earth metal after thermal shock failure
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Fig.8 SEM images of the sample surface after high temperature failure of thermal insulation for 190 h
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Table 5 Oxidation rate of NiCrAlY coating modified by rare earth after 250 h oxidation at 1000 ‘C!"?

Rare earth oxides

Rare earth metals

Content of modifiers, w/%
0 0.1

0.28 0.33 0.3

Ky /(10 g*cm*s ) 4742 1.872

2.119 3.110 2316
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Table 6 Corrosion potential and corrosion current of three kinds
of NiCrAlY coatings in 3.5% NaCl solution

Ce content, w/ % Ecorr / mV Leorr / (MA-cm™)
0 =705 33.92
0.1 —656 22.10
0.3 —622 15.33
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