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Abstract  

Plasma spray-physical vapor deposition is used to produce columnar microstructure coatings 

under particular operating parameters. Simulations of the growth of columns were carried out 

through a two-dimensional Monte Carlo model. The modeling was performed using inclined 

vapor flux impinging onto a substrate due to shadowing effects. An incoming particle travels 

along a straight line and attaches itself to already deposited particles. Furthermore, the newly 

deposited particle will relax to a stable surrounding position along the incoming velocity 

direction. The modeling results predicted the linking of an oblique vapor flux and column 

orientation. The numerical simulations were validated in three ways. Firstly, the porosity of 

simulated columns was predicted and compared to that obtained in the experimental columnar 

microstructure of coatings. Secondly, the morphology of simulated structures is compared to that 

of experimental coatings produced by plasma spray physical vapor deposition. Finally, the 

simulated orientation of columns is compared to the experimental one. 

1 Introduction  

Thermal barrier coatings (TBCs) are increasingly being applied to the surfaces of metallic parts 

in the hottest part of gas-turbine engines [1]. Coatings of columnar structure can be produced by, 

suspension plasma spraying (SPS) [2, 3], plasma spray physical vapor deposition (PS-PVD) [4-9] 

process and electron beam physical vapor deposition (EB-PVD) [10] process. PS-PVD process 
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