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Optimization of Process Parameters for the Preparation of
Nanostructured Coatings Based on Melting Index
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Abstract: In the study of process parameters optimization of nanostructured coating prepared by thermal spraying, comprehensive
analysis of the relationship among particle status, spraying parameters, and coating properties is lacking.The process parameter
optimization is carried out for the preparation of nanostructured YSZ coatings by atmospheric plasma spraying. Based on the particle
state and jet information obtained by experimental measurement and numerical simulation, the melting index (M.1.) distribution that
can characterize the heating state of in-flight particles is calculated. Experimental research is carried out to obtain the coating
microstructure and deposition efficiency under given spraying conditions. M.I. is used as an intermediate parameter to study and
establish the correlation between process parameters, in-flight particle states, and coating characteristics. The results show that the
state of nano-agglomerated particles obtained by numerical simulation is consistent with the experimental measurement results. The
main defects in the microstructure of nanostructured coatings are un-melted nano-agglomerated particles and microcracks. During the
preparation of nanostructured coatings, as the spraying distance increases, M.I. of in-flight particles and the coating deposition

efficiency first increase and then decrease, and the porosity and the number of un-melted particles first decrease and then increase.
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The increase of argon flow rate can lead to the decrease of M.1.. When the spraying power is similar, the combination of relatively low

current and high voltage can make M.I. distribution of in-flight particles larger, which can increase the deposition efficiency and

reduce the porosity of coatings. The effects of spraying parameters on agglomerated particle status and coating characteristics are

analyzed by M.I., which can be used to guide the process optimization of nanostructured coatings.
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Fig. 1 Micro morphology of agglomerated YSZ powder
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Fig. 2 Micro morphology of agglomerated particle
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Fig. 3 Particle size distribution of agglomerated YSZ powder
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Table 1 Physical properties of YSZ particle

Properties Values
Thermal conductivity ks, ki / (W * m™ « K™) 2.0,2.32
Specific heat capacity Cps, Cpi/ (J * kgt - K™Y 580, 713
Density ps, pi/ (g * cm ™) 5.89, 5.89
Melting point T, / K 2950
Latent heat Ly , Levap / (kJ * kg™ 707, 6 000

R2 EBETHAREMIZSY

Table 2 Basic process parameters of plasma spraying

Parameters Values
Spray gun current 1 / A 600
Spray gun voltage U / V 75
Flow rate of Ar Q / (L / min) 27
Spray distance S/ mm 85
Feeding rate /(g * min™) 18
Flow rate of carrier gas Q. / (L / min) 7
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Table 3 Range of process parameters of plasma spraying

Spraying parameters Ranges
Spray gun current | / A 500 700
Spray gun voltage U/ V 70 80
Flow rate of Ar Q, / (L / min) 20 35
Spray distance S/ mm 70 100
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Table 4 Combination of process parameters in spraying
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