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ABSTRACT: To clarify the erosion mechanism of multilayer TiAIN/Ti coatings on TC4 substrate, the paper provides a basis to
improve the erosion resistance of TC4 alloy and prepare the coatings with excellent erosion resistance. TiAIN/Ti coatings with

the same thickness and different layers are prepared on the surface of TC4 titanium alloy by magnetic filtration vacuum cathode

Wim B 2021-01-19; 1&ITHHE: 2021-03-24

Received: 2021-01-19; Revised: 2021-03-24

EEBN: 2% (1982—), k&, WHE, a3k, 2T RaRLFAaHF,

Biography: LI Yu-qin (1982—), Female, Doctor, Associate professor, Research focus: surface reinforcement and surface protection of materials.
Bl 225, P, 3EF. TC4 A2 %@ TIAIN/TI A B FF R EEAEFF R[], R @K, 2021, 50(7): 276-282.

LI Yu-qin, WEN Jian-zhong, SUN Zhi-ping. Study on erosion resistance of the TiAIN/Ti coating for TC4 titanium alloy[J]. Surface technology,
2021, 50(7): 276-282.



¥50% £

ZERBELE . TC4 EkA4 T TIAIN/TI 182 3T i M: RE 5% - 277 -

arc (FCVA) and metal steam vacuum arc (MEVVA). The microstructure and mechanical property of TiAIN/Ti coating are

characterized and analyzed by SEM, optical microscope and nano-indentation instrument. The erosion tests of TC4 titanium

alloy and TiAIN/Ti coatings are carried out on the erosion test platform through the adjustment of parameters to simulate the

dust environment. The erosion rate is calculated. The residual stress are characterized by proto-LXRD, the reosion morphology

is analyzed by SEM, and the erosion mechanism is investigated. The test results show that the mass loss of TiAIN/Ti coatings
with 4, 8 and 12 layers decreased by 86.9%, 91.3% and 94.0% respectively and the residual stress increases by 34 MPa, 135 MPa

and 203 MPa. Concerning about the surface morphology of the erosion area, the erosion area of 4 layers coating is obviously

exfoliated, the erosion area of 8 layers coating is partially exfoliated, and the erosion area of 12 layers coating is slightly

exfoliated, which provides excellent protection for the substrate against erosion. MEVVA can significantly improve the adhesion

between the coating and the matrix, and TiAIN/Ti coating could significantly improve the surface properties of the substrate.

The more TiAIN/Ti layer number, the larger H*/E* value, the better erosion resistance could be achieved.
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Fig.1 Damage of engine blade under sand and dust environment:
a) the plane performs a mission in the desert, b) blade erosion
damage
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Fig.2 Microstructure of TC4 titanium alloy
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Tab.1 The structure parameter of TiAIN/Ti coating

Specimens Tp/um N Apm R Ty/pm  Ti/um
T, 10 4 5 9:1 45 0.5
T, 10 8 2.5 9:1 225 025
T; 10 12 1.667 9:1 1.5 0.167
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Fig.3 Surface topography of different structure coatings
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Fig.4 Sectional microstructure of 8 layers coatings
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Tab.2 Roughness test results of the matrix and coatings

pm
Specimens 1 2 3 4 5 Means
T 0.257 0.273 0.254 0.226 0.316 0.265
T, 0.174 0.203 0.179 0.177 0.189 0.184
T, 0.115 0.114 0.102 0.128 0.121 0.116
T; 0.096 0.105 0.094 0.113 0.106 0.103
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Tab.3 Test results of nano hardness and elastic modulus
for the substrate alloy and coatings

Specimens ~ H/GPa E/GPa  (HY/E®)/(x1072 GPa)
To 3.952  130.501 0.362
T, 35.005  351.458 34.725
T, 31.662  289.362 37.908
T, 29.249 248358 40.567
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Fig.5 Test results of adhesion between substrate and coatings
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Tab.4 The erosion rate of different structure coatings

Specimens To T, T, T;
Mass loss/mg  18.3 2.4 1.6 1.1
y/(mg-min") 2.29 0.30 0.20 0.14
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Fig.6 Residual stress test results of matrix coating specimens
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Fig.7 The macroscopic morphology of the specimen after erosion
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