
•  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-7957-2 
 
 

International Thermal Spray 
Conference and Exposition  
(ITSC 2023) 

Quebec City, Canada 
22 - 25 May 2023 
 

 
Editors: 
 
F. Azarmi  
X. Chen  
J. Cizek  
H. Salimi Jazi  
H. Koivuluoto  
Y. Lau 
 
 

R. Ortiz-Fernandez  
O. Ozdemir  
F. Toma  
J. Veilleux  
H. Che 

 

 

 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright© (2023) by ASM International 

All rights reserved. 

 

Printed with permission by Curran Associates, Inc. (2023) 

  

For permission requests, please contact ASM International 

at the address below. 

  

ASM International 

9639 Kinsman Road 

Materials Park, Ohio 44073-0002 

USA 

 

 

Phone:  +1 440.338.5151 

 

 

memberservicecenter@asminternational.org 
 

 

Additional copies of this publication are available from: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY 12571 USA 

Phone:  845-758-0400 

Fax:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



Contents 

AI, Machine Learning, Materials and Process Informatics, Modeling and 
Simulations, LCAs II 

Influence of Surface Geometry and Microstructural Features on the Delamination and Crack 
Propagation of Brittle Convex Thermal Barrier Films During Thermal Cyclic Loading...............1 
Aleksandra Nastic, Larry Pershin, Javad Mostaghimi  

     University of Toronto, Toronto, Ontario, Canada 

Case Study on the Application of Microstructural Features Extracted by Convolutional Neural 
Network for Cold Spray of Aluminum Alloys.........................................................................9 
Siyu Tu1, Phuong Vo2 

1. National Research Council Canada, Saguenay, Quebec, Canada
2. National Research Council Canada, Boucherville, Quebec, Canada

Data-Driven Overlapping Track Profile Modelling in Cold Spray Additive Manufacturing.........15 
Daiki Ikeuchi1, Alejandro Vargas-Uscategui2, Peter C. King2, Xiaofeng Wu3   

1. University of Cambridge, Cambridge, United Kingdom
2. CSIRO Manufacturing, Clayton, Victoria, Australia
3. The University of Sydney, Sydney, Camperdown NSW, Australia

Visual Navigation for Autonomous Mobile Material Deposition Systems using Remote 
Sensing............................................................................................................................22 
S. Maleki, A. McDonald, E. Hashemi

        University of Alberta, Edmonton, Alberta, Canada 

Phase Field Modelling of Microstructure Evolution of Cold-Sprayed Ni-Ti Composite upon 
Post-Spray Heat Treatment................................................................................................30 
R. Nikbakht1, H. Assadi2

1. McGill University, Montreal, Quebec, Canada
2. Brunel University London, Uxbridge, United Kingdom

Application of Machine Learning for Optimization of HVOF Process Parameters.....................38 
Daniel Gerner1, Fardad Azarmi1, Martin McDonnell2, Uchechi Okeke2  

1. North Dakota State University, Fargo, North Dakota, USA
2. DEVCOM Ground Vehicle Systems Center, Warren, Michigan, USA

Thermal Spray 2023: Proceedings from the 
International Thermal Spray Conference     
May 22—25, 2023; Quebec City, Canada 

Copyright © 2023 ASM International® 
All rights reserved. 

www.asminternational.org



 

 
 

Aircraft and Engine Structural Components Coatings I 
 
Microstructural, Mechanical, and Tribological Evaluation of CuAl-Based Coatings Deposited by 
APS and HVOF...................................................................................................................46 
C. Bidmeshki1, A. C. Liberati1, A. Roy1, F. Ben Ettouil1, C. Moreau1, A. I. Encalada2, S. A. Alidokht2, R. R. 
Chromik2, P. Stoyanov1  

1. Concordia University, Montreal, Quebec, Canada 
2. McGill University, Montreal, Quebec, Canada 

 
Antimicrobial Coatings I 

 
A Novel Antibacterial and Biocompatible Ta-Ag Coating Fabricated by Cold Spray 
Technology.......................................................................................................................54 
Pengfei Yu1, Shuo Yin1, Rocco Lupoi1, Fergal J O'Brien2,1,3, Katelyn J Genoud2,1,3, Yingchun Xie4    

1. Trinity College Dublin, The University of Dublin, Dublin, Ireland 
2. Royal College of Surgeons in Ireland, Dublin, Ireland 
3. Advanced Materials and Biomedical Engineering Research (AMBER) Centre, Dublin, Ireland 
4. Guangdong Institute of New Materials, Guangzhou, People's Republic of China 

 
Automotive 

 
Thermo-Physical Properties of Plasma-Sprayed K2Ti6O13 Coatings for Diesel Engine Piston.....62 
Yin-Qiu Sun, Yong-Sheng Zhu, Xiao-Tao Luo, Jiu-Tao Gao, Chang-Jiu Li 
                Xian Jiaotong University, Xian, Shaanxi Province, People's Republic of China 
 
Enhancing Production Control for PTWA Engine Bore Coating...............................................70 
K. Kowalsky, D. Barton, D. Cook, C. Berghorn  
               Flame-Spray Industries, Inc., Port Washington, New York, USA 
 

Characterization and New Evaluation Techniques I 
 
Quantitative and Qualitative Nondestructive Evaluation of Cold Spray Manufactured Copper 
and Aluminum Samples.....................................................................................................77 
Ozan C. Ozdemir, Kishore Kumar Indu Kumar, Mann Baijukumar Patel, Samuel Boese  
              Northeastern University, Massachusetts, USA 
 
Cold Sprayed Deposits Characterized by Positron Annihilation Spectroscopy........................85 
Jan Cizek1, Jan Medricky1, Filip Stefanik1, Jakub Cizek3, Oksana Melikhova3    

1. Institute of Plasma Physics of the Czech Academy of Sciences, Prague, Czechia 
2. Impact Innovations GmbH., Rattenkirchen, Germany 
3. Faculty of Mathematics and Physics, Charles University in Prague, Prague, Czechia 

 
 
 



 

Characterization and New Evaluation Techniques II 
 
Oxide Characterization of Copper Cold Spray Feedstock Powders with X-Ray Photoelectron 
Spectroscopy....................................................................................................................91 
Christina Maria Katsari1, Yannis Kotsakis1, Stephen Yue1, Bruno Guerreiro2, Dominique Poirier2, Jason D. 
Giallonardo3        

1. McGill University, Montreal, Quebec, Canada  
2. National Research Council of Canada(NRC), Boucherville, Quebec, Canada  
3. Nuclear Waste Management Organization (NWMO), Toronto, Ontario, Canada 

 
Application of In Situ Observation Techniques for Understanding the Principles of the Cold 
Spray Coating Formation...................................................................................................98 
Yijun Yao, Wenbo Li, Zhoukun Shi, Marie-Pierre Planche, Hanlin Liao, Sihao Deng        
                Université de Bourgogne Franche-Comté, Belfort, France 
 

Characterization and New Evaluation Techniques III 
 

Comparative Study of Ni-, Co-, and Fe-Based Laser Cladding Coatings for Wear and Corrosion 
Resistance......................................................................................................................104 
Bernard Larouche1, Rolf Hepp1, Guido Reisel1, Petr Fiala2                      

1. Oerlikon Metco Woka GmbH, Barchfeld-Immelborn, Germany   
2. Oerlikon Metco (Canada),  Fort Saskatchewan, Alberta, Canada 

 
Microstructural Evaluation of Tungsten Carbide-Cobalt (WC-17Co) Alloy Deposited by Cold 
Spraying, High Velocity Air Fuel, and High Velocity Oxygen Fuel Spraying Technologies........112 
Theresa Grabowski1, Daniel Gerner1, Fardad Azarmi1, Martin McDonnell2, Uchechi Okeke2                        

1. North Dakota State University, Fargo, North Dakota, USA  
2. DEVCOM Ground Vehicle Systems Center, Warren, Michigan, USA 

 
Cavitation Performance of Steel Substrate and HVOF Sprayed WC-Co-Cr Coatings................119 
Ahmed Algoburi, Rehan Ahmed, Mehdi Nazarinia                       
             Heriot-Watt University, Edinburgh, United Kingdom 
 

Characterization and New Evaluation Techniques V 
 

Influence of Nozzle Diameter on Electric Arc Dynamics in a Cascaded-Anode Plasma 
Torch..............................................................................................................................127 
Céline Ruelle1, Simon Goutier1, Vincent Rat1, Alan Kéromnés1, Geoffroy Rivaud1, Christophe Chazelas1, 
Érick Meillot2                      

1. Univ. Limoges, CNRS, IRCER, Limoges, France   
2. CEA, DAM, Le Ripault, Monts, France 

 
 
 



 
 
How to Determine Process Fluctuations in Wire-Arc Spraying.............................................135 
K. Bobzin, H. Heinemann, E. Burbaum, H. Naber                   
                Surface Engineering Institute, RWTH Aachen University, Aachen, Germany 

 
A Novel Approach to In Situ Coating Thickness Measurements in Thermal Spraying..............142 
Uroš Hudomalj1,2, Ehsan Fallahi Sichani3, Lukas Weiss2, Majid Nabavi3, Konrad Wegener1                      

1. ETH Zürich, Institute of Machine Tools and Manufacturing (IWF), Zürich, Switzerland   
2. Inspire AG, Zürich, Switzerland 
3. Oerlikon Metco, Wohlen, Switzerland 

 
Coatings for Carbon Neutrality and Environmental Impact I 

 
The Effect of a Gradient Porous Structure on the Performance of Cold-Sprayed Electrodes Used 
in Alkaline Water Electrolysis...........................................................................................148 
Xinge Jiang1, Taikai Liu2, Hanlin Liao1                         

1. Univ. Bourgogne Franche-Comté, Belfort, France   
2. Guangdong Academy of Science, Tianhe Dist., Guangzhou, People's Republic of China 

 
Cold Spray and Thermal Spray Additive Manufacturing I 

 
Towards a General Cold Spray Additive Manufacturing Framework for Fabricating Complex 
Structural Components....................................................................................................155 
Wenbo Li1, Hongjian Wu1, 2, Zhoukun Shi1, Hanlin Liao1, Sophie Costil1, Sihao Deng1                         

1. Univ. Bourgogne Franche-Comté, Belfort, France   
2. Helmut-Schmidt-University/University of the Federal Armed Forces Hamburg, Hamburg, 

Germany 
 
Additive Manufacturing of Multi-Material Assembly...........................................................161 
Amela Kusuran1, Geoffrey Darut1, Ludovic Vitu1, Marie-Pierre Planche1, David Mercs2                        

1. Univ. Bourgogne Franche-Comté, Belfort, France   
2. LISI Automotive, Grandvillars, Bellfort, France 

 
Property Characterization of Al1050 Bulk Cold Spray Deposits and Numerical Study of 
Thermomechanical Effects During the Additive Growth......................................................167 
Mohamed Sokore1, Sihao Deng1, Hanlin Liao1, Rija Nrina Raoelison1, Shuohong Gao2                        

1. UTBM, CNRS, ICB, Belfort Cedex, France   
2. Guangdong Academy of Sciences, Guangzhou, People's Republic of China 

 
 
 
 
 
 



 
Cold Gas Spraying 3D Printing of Ti Bipolar Plates for PEM Water Electrolyzers Cost 
Reduction.......................................................................................................................173 
A. Garfias1, R. Vaz1, V. Albaladejo-Fuentes1, J. Sánchez1, M. Sarret1, T. Andreu1, I.G. Cano1, A. Rocha2,  
R.B. Ferreira2, D.S. Falcão2, A.M.F.R Pinto2                         

1. Universitat de Barcelona (UB), Barcelona, Spain   
2. University of Porto, Porto, Portugal 

Cold Spray and Thermal Spray Additive Manufacturing II 
 

Additive Manufacturing of Channels and Surface Features Using Wire-Arc Spray..................179 
Joshua Palumbo, Ramgopal Varma Ramaraju, Sanjeev Chandra                            
                University of Toronto, Toronto, Canada 
 
Mixed-Material Feedstocks for Cold Spray Additive Manufacturing of Metal-Polymer 
Composites.....................................................................................................................186 
Matthew S. Schwenger,  Madison S. Kaminskyj, Francis M. Haas, Joseph F. Stanzione III                            
                Rowan University, Glassboro, New Jersey, USA 
 
3D Toolpath Panning for Cold Spray Additive Manufacturing..............................................192 
Hongjian Wu1, Alexander List1, Frank Gärtner1, Thomas Klassen1, Sihao Deng2                         

1. Helmut Schmidt University/University of the Federal Armed Forces Hamburg, Hamburg, 
Germany   

2. Université Bourgogne Franche-Comté, Belfort, France 
 

Cold Spray Applications I 
 

Tribological Assessment of Cold Sprayed Aluminum-Quasicrystal Composite Coatings.........199 
Reza Jafari1, Minnamari Vippola1, Heli Koivuluoto1, Jan Cizek2, Frantisek Lukac2,  Ladislav Cvrcek3,  
Matej Buril3, Jan Walter3, Jarkko Kiilakoski4, Mari Honkanen5, Minnamari Vippola5                            

1. Tampere University, Tampere, Finland     
2. Institute of Plasma Physics of the Czech Academy of Sciences, Prague, Czechia 
3. Czech Technical University in Prague, Prague, Czechia 
4. Saint-Gobain Coating Solutions, Avignon, France   
5. Tampere University, Tampere Microscopy Center, Tampere, Finland 

 
Cold Spray Applications II 

 
Development of a Duplex Sn-Cu Coating on Carbon Fiber-Reinforced Polymers (CFRPs) Using 
Cold Spray and Electrodeposition Processes......................................................................207 
Panteha Fallah1, Stephen Yue1, André McDonald2                           

1. McGill University, Montreal, Quebec, Canada    
2. University of Alberta, Edmonton, Alberta, Canada 

 
 



 

Cold Spray Process Fundamentals, Simulation, and Particle Impact—Process 
Fundamentals I 

Independent Control of Particle Temperature and Velocity Using a Novel Powder Preheater 
Design for Low Pressure Cold Spray..................................................................................213 
D. MacDonald, B. Jodoin                          
               University of Ottawa, Ottawa, Ontario, Canada 

 
Cold Spray Process Fundamentals, Simulation, and Particle Impact—Process 

Fundamentals III 
 

Analyzing Cold Spray of Polymer-Coated Metal Particles on Polymeric and Composite 
Substrates......................................................................................................................221 
Nand Kishore Singh1, Nicholas Beau Mennie1, Isaac Nault2, Behrad Koohbor1, Francis M. Haas1, 
Ratneshwar Jha1                       

1. Rowan University, Glassboro, New Jersey, USA  
       2.    Army Research Laboratory, Aberdeen, Maryland, USA 

 
A Concept of Aerospike Nozzle for Cold Spray Additive Manufacturing—Towards a Potential 
Solution for Preventing the Issue of Clogging.....................................................................228 
Rija Nrina Raoelison1, Sabeur Msolli1, Sihao Deng1, Ashish Vashishtha2, Amit Sharma2, Dean Callaghan2, 
Wassim Zaim-Mounajed1, Teng Zhang1, Essolé Padayodi1, Jean-Claude Sagot1, Ramesh Raghavendra3                     

1. Université de Technologie de Belfort-Montbéliard, Belfort cedex, France  
       2.    South East Technological University, Carlow, Ireland 
      3.    South East Technological University, Waterford, Ireland 

 
Cold Spray Process Fundamentals, Simulation, and Particle Impact—Process 

Fundamentals IV 
 

Investigation of a Modified Circular Nozzle for Cold Spray Applications...............................234 
Amit Kumar Sharma1, Ashish Vashishtha1, Dean Callaghan1, Srinivasan Rao Bakshi2, M. Kamaraj2, 
Ramesh Raghavendra3                         

1. South East Technological University, Carlow, Ireland  
       2.    Indian Institute of Technology Madras, Chennai, India 
      3.    South East Technological University, Waterford, Ireland 

 
 
 
 
 
 



 

Cold Sprayed or Aerosol Deposition- Metals, Polymers, Ceramics, and Metal 
Matrix Composite Coatings I 

 
Erosion Behavior of Cold Sprayed Coatings Made of CrMnFeCoNi High-Entropy Alloy or 
Composite Powders Containing WC Hard Particles in a Pure Nickel Matrix...........................241 
Chunjie Huang1, Levke Wiehler1, Alexander List1, Andreas Elsenberg1, Frank Gärtner1,  
Thomas Klassen1, Banglong Fu2, Ting Chen2, Benjamin Klusemann2, Zhengmao Zhang3, Wenya Li3                            

2. Helmut-Schmidt-University/University of the Federal Armed Forces Hamburg, 
Hamburg, Germany  

       2.    Helmholtz-Zentrum Hereon, Geesthacht, Germany 
       3.    Northwestern Polytechnical University,  Xi'an, People's Republic of China 
 

Cold Sprayed or Aerosol Deposition- Metals, Polymers, Ceramics, and Metal 
Matrix Composite Coatings II 

 
High Ductility and Strength by Internal Interface Recrystallization of Cold Sprayed Zinc and its 
Fracture Behavior............................................................................................................249 
Chunjie Huang1, Levke Wiehler1, Alexander List1, Andreas Elsenberg1, Frank Gärtner1,  
Thomas Klassen1, Banglong Fu2, Ting Chen2, Benjamin Klusemann2, Zhengmao Zhang3, Wenya Li3                            

1. Helmut-Schmidt-University/University of the Federal Armed Forces Hamburg, 
Hamburg, Germany  

       2.    Helmholtz-Zentrum Hereon, Geesthacht, Germany 
       3.    Northwestern Polytechnical University,  Xi'an, People's Republic of China 
 
Forming Behavior of Additively Manufactured Al/Ti Material Compounds Produced by Cold 
Spraying.........................................................................................................................257 
Rico Drehmann1, Marcel Graf1, Thomas Lampke1, Pascal Colditz1, Birgit Awiszus1, Alexander List2,  
Frank Gärtner2                             

1. Chemnitz University of Technology, Germany   
2. Helmut Schmidt University/University of the Federal Armed Forces Hamburg, Germany 

 
Cold Sprayed or Aerosol Deposition- Metals, Polymers, Ceramics, and Metal 

Matrix Composite Coatings III 
 
Cold Spraying of Inconel 625 Thick Deposits.....................................................................265 
Farrokh Taherkhani1, A. List1, S. Keller2, N. Kashaev2, F. Gärtner1, T. Klassen1                           

1. Helmut-Schmidt-University/University of the Federal Armed Forces Hamburg, 
Hamburg, Germany  

       2.    Helmholtz-Zentrum Hereon, Geesthacht, Germany 
 
 
 



 

Cold Sprayed or Aerosol Deposition- Metals, Polymers, Ceramics, and Metal 
Matrix Composite Coatings IV 

 
Multi-Purpose Additives Towards a Better Polymer Cold Spray Process...............................272 
Tristan W. Bacha, Francis M. Haas, Joseph F. Stanzione III                          
                Rowan University, Glassboro, New Jersey, USA 

 
Effect of Carbon Fiber Orientation when Cold Spraying Metallic Powders onto Carbon Fiber 
Reinforced Polymers.......................................................................................................279 
Andre C. Liberati1, Payank Patel1,2, Amit Roy1,2, Phuong Vo3, Chunzhou Pan4, Christian Moreau1,  
Richard R. Chromik2, Stephen Yue2, Pantcho Stoyanov1                          

1. Concordia University, Montreal, Canada  
2. McGill University, Montreal, Canada 
3. National Research Council Canada, Boucherville, Canada 
4. Boston Materials, Billerica, Massachusetts, USA 

 
Improvement of the Cold Sprayability of Hard Steel Alloy Powders.....................................287 
B. Guerreiro, D. Poirier, Y. Thomas                          
                  National Research Council of Canada, Boucherville, Quebec, Canada 
 
Thermal Oxidation of Heavily Deformed Zn Coatings Produced by Cold Spray and Formation of 
ZnO Nanowires................................................................................................................294 
Maryam Razavipour1, Denise Criado2, Alejandro Zúñiga2, Bertrand Jodoin1                         

1. University of Ottawa, Ottawa, Ontario, Canada  
2. Universidade Federal do ABC, Santo André, Sao Paulo, Brazil 

 
Equipment, Consumables and Economics 

 
Design of Powder Feedstocks for Net Shape Coatings.........................................................302 
Oliver Lanz1, Manuel Schubert1, Wellington Goes2, Giuseppe Ruggiero3, Stefan Björklund3,  
Shrikant Joshi3                   

1. Höganäs Germany GmbH, Laufenburg, Germany    
2. Höganäs AB, Höganäs, Sweden  
3. University West, Trollhättan, Sweden 

 
Influence of Current Modulation on Particle Sizes by Wire Arc Atomizing.............................309 
Sebastian Weis1, Stefan Brumm1, Robin Grunert1, Manuel Halmaghi1, Jan Morgenschweis2,  
Jürgen Bosler3                   

1. Westsächsische, Hochschule Zwickau, Saxony, Zwickau, Germany     
2. ELMA-Tech GmbH,  North Rhine-Westphalia Morsbach, Germany   
3. T-Spray GmbH, Baden-Württemberg Lenningen, Germany 

 
 
 



 

Functional Coatings I 
 

Printed Thermal Sensors for Harsh Environment by Plasma Spray......................................315 
Florin D. Duminica, Muthu Karuppasamy, Philippe Guaino                         
               CRM Group, Liège, Belgium 
 

Functional Coatings II 
 
Process Innovation for the Internal Coating of Carbon Fiber Reinforced Plastic (CFRP) Tubes via 
Thermal Spraying............................................................................................................322 
Christian Semmler, Andreas Killinger                         
               University of Stuttgart, Stuttgart, Germany 
 
Functionalization of Fiber-Reinforced Thermoplastics for EMF-Shielding Applications..........329 
Manuel Reif1, Jana Gebauer1, Alexander Paul2, Christiane Rothe2, Andrés Fabián Lasagni3                  

1. Fraunhofer Institute for Material and Beam Technology IWS, Dresden, Germany     
2. GfE Fremat GmbH, Brand-Erbisdorf, Germany   
3. Technische Universität,  Dresden, Germany 

 
Functional Coatings III 

 
Manufacturing and Icephobic Performance Evaluation of Cold Sprayed Adhesive 
Perfluoroalkoxy Alkane Coatings......................................................................................335 
Z. Leclerc1,  B. Jodoin1, L.E. McMunn1,  N. Ben1, A. Nastic2                      

1. University of Ottawa, Ottawa, Ontario, Canada    
2. University of Toronto, Toronto, Ontario, Canada 

 
Novel Coatings I- High Entropy Alloys, Nanomaterials, Etc. 

 
A Novel Bond Coat with Excellent Adhesive Strength Deposited by Plasma-Spraying of Mo-Clad 
Core-Shell-Structured Metal Powders...............................................................................343 
Chang-Jiu Li, Jiu-Jing Song, Xiao-Tao Luo, Xin-Yuan Dong, Li Zhang                         
                  Xi'an Jiaotong University, Xi'an, Shaanxi Province, People's Republic of China 

 
Novel Approach to Deposit Thermally Sensitive Materials using Hybrid Plasma Spraying......350 
Tomas Tesar1, Radek Musalek1, Frantisek Lukac1, Jonas Dudik2                        

1. Institute of Plasma Physics, Prague, Czechia    
2. Czech Technical University in Prague, Prague, Czechia 

 
 
 
 
 



 

Novel Coatings II- High Entropy Alloys, Nanomaterials, Etc. 
 
Novel Fe- and Ni-Based HVOF-Sprayed Coatings for Improved Thermal Insulation Capabilities 
in Cryogenic Environments...............................................................................................356 
Michél Hauer1, Andreas Gericke1, Lukas Möhrke1, Werner Krömmer2, Knuth-Michael Henkel3                          

1. Fraunhofer IGP, Rostock, Germany 
2. Linde PLC,  Unterschleißheim, Germany    
3. University of Rostock, Rostock, Germany 

 
Characterization of Shrouded Plasma-Sprayed Al4C3-Ni Alloy Composite Coatings as Novel Bond 
Coats for TBCs.................................................................................................................364 
Wen-Fa Kan, Steven Matthews                           

The University of Auckland, Auckland, New Zealand 
 
The Steady-State Composition and Microstructure of 42%WC-42%Cr3C2-16%Ni HVOF and 
Shrouded Plasma Sprayed Coatings at 900°C.....................................................................372 
Steven Matthews, Francesca O’Neil                         

The University of Auckland, Auckland, New Zealand 
 
Characterization of Thermally Protective Al2O3-TiO2 Coating Fabricated by Atmospheric Plasma 
Spraying.........................................................................................................................379 
Hansol Kwon, Yeonwoo Yoo, Youngjin Park, Uk Hee Nam, Eungsun Byon                       

Korea Institute of Materials Science (KIMS), Changwon, Republic of Korea 
 
Formation of AlSiCCr Columnar Medium-Entropy Coating via Aluminizing of Cr3C2 25NiCr HVOF 
Coating...........................................................................................................................385 
Andre Renan Mayer, Willian Rafael de Oliveira, Luciano Augusto Lourençato, Anderson Geraldo 
Marenda Pukasiewicz                       
        Federal University of Technology Paraná, Ponta Grossa, Paraná, Brazil 
 

Novel Coatings III- High Entropy Alloys, Nanomaterials, Etc. 
 
Investigating the Effect of Solid Lubricants Addition on Friction and Wear Behavior of 
Thermally Sprayed Coatings.............................................................................................391 
J. Patrikalos1, P., P. Ioannou1, D. Andreouli1, I. Georgiopoulos1, D. Skaltsas2, C. I. Papadopoulos2, Ch. I. S, 
D. Skaltsas2, C. I. Papadopoulos2,  
Ch. I. Sarafoglou2                        

1. MIRTEC S.A., Schimatari, Greece 
2. University of Athens, Zografos, Greece  

 
 
 
 
 



 

Novel Coatings IV- High Entropy Alloys, Nanomaterials, Etc. 
 
Effect of Heat-Treatment on the Microstructure and Mechanical Properties of CoCrFeNiMn High 
Entropy Alloy Additively Manufactured via Cold Spray.......................................................399 
Cletus J. Akisin, Chris J. Bennett, Federico Venturi, Tanvir Hussain                       
        University of Nottingham, Nottingham, United Kingdom 

 
Novel Coatings V- High Entropy Alloys, Nanomaterials, Etc. 

 
Supersaturated Solid Solution Formation in the Metastable Eutectic High-Entropy Alloy 
Al0.3CoCrFeNiMo0.75 by Laser Metal Deposition and Degradation of Wear Resistance by 
Segregation....................................................................................................................407 
Bianca Preuß, Thomas Lindner, Thomas Lampke                         

Chemnitz University of Technology, Chemnitz, Germany 
 
Alloy Design of Feedstock Material for Additive Manufacturing—Exploring the Al-Co-Cr-Fe-Ni-Ti 
Compositionally Complex Alloys.......................................................................................413 
L. Gerdt1, M. Müller1, M. Heidowitzsch1, J. Kaspar1, E. Lopez1, M. Zimmermann1,2, C. Leyens1,2, A. Hilhorst3, 
P.J. Jacques3                    

1. Fraunhofer Institute for Material and Beam Technology IWS, Dresden, Germany 
2. Technische Universität Dresden, Dresden, Germany 
3. UCLouvain, Louvain-la-neuve, Belgium  

 
Novel Coatings VI- High Entropy Alloys, Nanomaterials, Etc. 

 
Effects of Thermal Exposure on Microstructure of Thermal Barriers Deposited by Hybrid 
Plasma Spraying.............................................................................................................421 
Radek Musalek1, Tomas Tesar1, Jan Medricky1, Frantisek Lukac1, Jonas Dudik1,2                    

1. Institute of Plasma Physics of the Czech Academy of Sciences, Prague, Czechia 
2. Czech Technical University in Prague, Prague, Czechia 

 
Novel Processes - Hybrid Manufacturing, Laser Processing, Additive 

Manufacturing and Repair I 
 

Laser Texturing as Interfacial Treatment for Enhancing the Material Behaviors—The Real 
Influence of the Laser Treatment.....................................................................................427 
Sophie Costil1, Laura Convert1, Eric Bourillot2, Nicolas Pocholle2, Manuel François3                    

1. Univ. Bourgogne Franche-Comté, Belfort, France 
2. Univ. Bourgogne Franche-Comté,  Dijon, France 
3. Université de Technologie de Troyes, Troyes, France 

 
 



 

Novel Processes - Hybrid Manufacturing, Laser Processing, Additive 
Manufacturing and Repair III 

 
Automated Path and Trajectory Planning for Automated Repair of Damaged Components by 
Cold Spray......................................................................................................................435 
Marcel Lewke, Hongjian Wu, Alexander List, Frank Gärtner, Thomas Klassen, Alexander Fay                        

Helmut Schmidt University, Hamburg, Germany     
 

Hybrid Aerosol Deposition of Dense Al2O3 Coatings and Evaluation of the Through-Thickness 
Effect.............................................................................................................................442 
Mohammed Shahien, Kentaro Shinoda                     

National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki, 
Japan 

 
Novel Processes - Hybrid Manufacturing, Laser Processing, Additive 

Manufacturing and Repair IV 
 

Development and Characterization of Micro-Plasma Additive Manufacturing Process for 
Inconel 718 Superalloy.....................................................................................................449 
Jason Nagy, Adria Barcelo Singh, Xiao Huang             

Carleton University, Ottawa, Ontario, Canada 
 

Effects of Plume Quenching on Controlled Atmosphere Plasma Sprayed Metals...................457 
Emma Peleg1,2, Andrew Vackel1                  

1. Sandia National Laboratories, Albuquerque, New Mexico, USA 
2. Stony Brook University, Stony Brook, New York, USA 

 
Effect of Laser Cladding Process Parameters on Microstructure and Properties of Martensitic 
Stainless Steel Cladding Layer..........................................................................................465 
Kaiping Du1,2,3, Ziqiang Pi 1,2,3, Xu Wang1,2,3, Xing Chen1,2,3, Yao Ma1,2,3, Zhaorao Zheng1,2,3                 

1. BGRIMM Technology Group, Beijing, People's Republic of China 
2. Beijing Key Laboratory of Special Coating Materials and Technology, Beijing, People's Republic 

of China 
3. Beijing Industrial Parts Surface Hardening and Repair Engineering Technology Research Center, 

Beijing, People's Republic of China 
 

Anisotropy of Mechanical Properties of DMD Build Inconel 738............................................471 
Ondrej Kovarik1, Jaroslav Cech1, Egehan Kiziklioglu1, Jan Cizek2, TobiasStittgen3                   

1. Czech Technical University, Prague, Czechia 
2. Institute of Plasma Physics of the Czech Academy of Sciences, Prague, Czechia 
3. Ponticon GmbH, Wiesbaden, Germany 

 



 

Novel Processes for Wear and Corrosion Protection Coatings I 
 

Cost-Effective UHVOF-Sprayed Coatings for the Wear Protection of Valves..........................478 
Kirsten Bobzin, Hendrik Heinemann, Elisa Burbaum, Marvin Schulz                        

RWTH Aachen University, Aachen, Germany 
 

Orthopedic Implants 
 

Comparative Corrosion Behavior of Cold Sprayed Titanium/Hydroxyapatite and 
Titanium/Baghdadite Composite Coatings in Simulated Body Fluid Environment.................485 
Avneesh Kumar, Teekam Chand, Ravi Kant, Harpreet Singh                       

 Indian Institute of Technology Ropar, Punjab, India 
 

Poster Session 
 

Effects of Plasma-Related Input Parameters on Fluctuation and Coating Characteristics in 
APS—Towards a Transdisciplinary Integration of Technical Assessments and Human 
Knowledge-Driven Evaluations.........................................................................................493 
Maximilian Grimm, Rico Drehmann, Thomas Lindner, Tina Morgenstern, Anja Klichowicz,  
Franziska Bocklisch, Thomas Lampke                       

University of Technology, Chemnitz, Germany 
 
Microstructure and Properties of Fe-Based Amorphous Coating by HVOF.............................501 
Ziqiang Pi1,2,3, Kaiping Du1,2,3, Xing Chen1,2,3, Zhaoran Zheng1,2,3                    

1. BGRIMM Technology Group, Beijing, People's Republic of China 
2. Beijing Key Laboratory of Special Coating Materials and Technology, Beijing, People's Republic 

of China 
3. Beijing Industrial Parts Surface Hardening and Repair Engineering Technology Research Center, 

Beijing, People's Republic of China 
 
Cold Spray Nickel-Coated Aluminum Composite Powder Part I—Study on Microstructure of 
Coatings.........................................................................................................................507 
Xiaoliang Lu1,2,3, Zhaoran Zheng1,2,3, Kang Yuan1,2,3, Kaiping Du1,2,3                   

1. BGRIMM Technology Group, Beijing, People's Republic of China 
2. BGRIMM Advanced Materials Science & Technology Co., Ltd, Beijing, People's Republic of China 
3. Beijing Engineering Technology Research Center of Surface Strengthening and Repairing of 

Industry Parts, Beijing, People's Republic of China 
 
 
 
 
 



 
Effect of Laser Power on Forming Quality and Crystallization of Amorphous Alloy Prepared by 
SLM................................................................................................................................512 
Xing Chen1,2,3, Kaiping Du1,2,3, Ziqiang Pi1,2,3, Zhaoran Zheng1,2,3                   

1. BGRIMM Technology Group, Beijing, People's Republic of China 
2. Beijing Key Laboratory of Special Coating Materials and Technology, Beijing, People's Republic 

of China 
3. Beijing Industrial Parts Surface Hardening and Repair Engineering Technology Research Center, 

Beijing, People's Republic of China 
 
Adhesion of HVOF Sprayed Coatings on Laser Textured Steel and Ceramics Substrates.........517 
Marek Vostřák1, Žaneta Dlouhá1, Josef Duliškovič1, Lucie Jarolímová1, Šárka Houdková1,  
Jana Naďová1, Ole Peters2, Joerg Schille2, Udo Loeschner2, Jiří Martan3                  

1. Research and Testing Institute Plzen, Plzen, Czechia  
2. Laserinstitut Hochschule Mittweida, Mittweida, Germany   
3. University of West Bohemia, Plzen, Czechia 

 
Investigation of Corrosion Behavior and Surface Characteristics of CoCr Alloy using  
Plasma-Sprayed HA/ZnO Reinforced Coatings for Biomedical Implants................................523 
Puneet Bansal1,  Gurpreet Singh1, Hazoor Singh Sidhu2                 

1. Punjabi University, Patiala, Punjab, India 
2. Yadavindra College of Engineering, Talwandi Sabo, Punjab, India 

 
Inner Diameter High-Velocity Air Fuel (ID-HVAF) Spraying of Copper, Compared to Cold 
Spray..............................................................................................................................529 
Golnoush Asadiankouhidehkordi, Andre C. Liberati, Fadhel Ben Ettouil, Christian Moreau                 

Concordia University, Montreal, Quebec, Canada 
 
 
Modeling the Formation of Thermal Spray Coatings on Substrates with Arbitrary 
Shapes............................................................................................................................536 
Behrouz Haghighi1, Mohammad Passandideh-Fard1, Javad Mostaghimi2                 

1. Ferdowsi University of Mashhad, Mashhad, Iran  
2. University of Toronto, Toronto, Canada 

 
Influence of Size and Mixing Ratio of Micro-Forging Particle on Aluminum Alloy Coating 
Structure via an In-Situ MF Cold Spray with Simultaneous Injection of Powder form 
Axial/Radial Directions of Nozzle......................................................................................545 
Kazuhiko Sakaki, Chilhaya Saito, Ryo Kawakami                 

Shinshu University, Nagano City, Nagano, Japan 
 
 
 
 
 



 

Powder Tailoring and New Powder Materials Development  
 

Effects of Zr and Si Addition on Mechanical Properties of Al0.5CoCrFeNi High-Entropy 
Alloys.............................................................................................................................551 
Kirsten Bobzin, Hendrik Heinemann, Marvin Erck, Andreas Schacht, Benedikt Korte, Paul König                
               RWTH Aachen University, Aachen, Germany 

 
A Comparative Study on the Powder Manufacturing Effect on Flowability and Deformability of 
Pure Cu Powders in Cold Spray Application.......................................................................558 
Niloofar Eftekhari, Dulal Saha, Hamid Jahed               

University of Waterloo, Waterloo, Ontario, Canada 
 

Development of a Synthesis Route for High-Entropy Alloy Feedstock Particles for Cold Spray 
Following Conventional and Sequential Mechanical Milling Regimes...................................565 
Aisa Grace Custodio, Gobinda C. Saha, Clodualdo Aranas Jr.             

University of New Brunswick, Fredericton, Canada 
 

Cold Spray Deposition of Aluminum 6061 Decorated with Al2O3 Nanoparticles......................572 
Bahareh Marzbanrad, Ehsan Marzbanrad, Hamid Jahed                

 University of Waterloo, Waterloo, Ontario, Canada 
 
Composite Capsule Embedded Coatings Deposition Using Thermal Spraying.......................579 
D. Skaltsas1, C. I. Papadopoulos1, Ch. I. Sarafoglou1, P. Ioannou, D. Andreouli2, I. Georgiopoulos2,  
C. Zotiadis1, D. M. Korres1, S. Vouyiouka1                     

1. National Technical University of Athens, Zografos, Greece 
2. MIRTEC S.A., Schimatari, Greece 

 
Microstructure and Properties of Cr3C2-Rich Binary Cr3C2-WC-Ni(Co) Hardmetal 
Coatings.........................................................................................................................587 
Lutz-Michael Berger1, Susan Conze1, Kerstin Gnauck1, Marek Vostřák2, Šárka Houdková2,  
Tomáš Taranda2                     

1. Fraunhofer IKTS, Dresden, Germany 
2. VZU Plzen, Plzen, Czechia 

 
Renewable Energies and Storage 

 
Tab-to-Busbar Interconnects Formed by Dual Flow Cold Spraying.......................................595 
Roman Gr. Maev1, Volf Leshchynsky1, Emil Strumban1, Mircea Pantea1, Brian J. Robert2,  
Thomas P. Brackett2                   

1. University of Windsor, Windsor, Ontario, Canada 
2. Ford Motor Company, Detroit, Michigan, USA 

 



 
Performance of Plasma-Sprayed Bi2O3–Er2O3–WO3 for Intermediate-Temperature Solid Oxide 
Fuel Cells (IT-SOFCs)........................................................................................................602 
Rui Chen, Xiao-Tao Luo, Li Zhang, Di Wang, Cheng-Xin Li, Chang-Jiu Li                   

 Xian Jiaotong University, Xian, Shaanxi province, People's Republic of China 
 

TBCs & EBCs – APS, SPS, SPPS & Bond-Coats I 
 

Oxidation of In-flight Particles During HVAF—A Numerical Study.........................................608 
Sokhna Awa Bousso Diop1, Christian Moreau1,  Aleksandra Nasti2,  Ali Dolatabad2                 

1. Concordia University, Montreal, Quebec, Canada 
2. University of Toronto, Toronto, Ontario, Canada  

 
Influence of HVAF Process Parameters on In-Flight NiCoCrAlY Particle Oxidation and 
Corresponding Splat Characteristics.................................................................................616 
A.K. Thoutam1, M.S. Lamana1, A. Mahdavi1, A.C. Liberati1, F. Ben Ettouil1, C. Moreau1, A. Dolatabadi2                    

1. Concordia University, Montreal, Quebec, Canada 
2. University of Toronto, Toronto, Ontario, Canada  

 
TBCs & EBCs – APS, SPS, SPPS & Bond-Coats II 

 
The Potential of High Velocity Air Fuel Spraying (HVAF) to Manufacture Bond Coats in Thermal 
Barrier Coating Systems...................................................................................................623 
Georg Mauer, Karl-Heinz Rauwald, Robert Vaßen      

Forschungszentrum Jülich GmbH, Jülich, Germany 
 
Isothermal Oxidation Behavior of MCrAlY Bond Coats after Laser Microtexturing.................631 
Tomasz Kiełczawa1, Paweł Sokołowski1, Hanna Myalska-Głowacka2, Grzegorz Moskal2,  
Hanna Myalska-Głowacka3, Alberto Ion3, Alain Denoirjean3, Alberto Ion4                          

1. University of Science and Technology, Wrocław, Poland    
2. Silesian University of Technology, Gliwice, Poland 
3. Université de Limoges, Limoges, France 
4. Politehnica University of Bucharest, Bucharest, Romania 

 
Effect of Spray Parameters on MCrAlY In-Flight Particle Oxidation and Coating Microstructure 
Deposited by Internal Diameter High Velocity Air Fuel (ID-HVAF).........................................638 
M.S. Lamana1, A.K. Thoutam1, A. Mahdavi1, A.C. Liberati1, F. Ben Ettouil1, C. Moreau1, A. Dolatabadi2 

1. Concordia University, Montreal, Quebec, Canada  
2. University of Toronto, Toronto, Ontario, Canada 

 
 
 
 
 
 



 

TBCs & EBCs – APS, SPS, SPPS & Bond-Coats III 
 
Study on the Attack of Molten Silicates to Thermal Barrier Coatings at Varying Service 
Temperatures.................................................................................................................645 
Roberto Fernando Martins, Antonio Augusto Couto, Carlos Roberto Camello Lima      

Mackenzie Presbyterian University, Sao Paulo, Brazil 
 
Effect of Microstructure on CMAS Interaction of Axial Suspension and Solution Precursor 
Plasma Sprayed Thermal Barrier Coatings—YSZ & GZ.........................................................651 
S. Lokachari, K. Leng, A. Rincon Romero, T. Hussain      

University of Nottingham, Nottingham United Kingdom 
 

TBCs & EBCs – APS, SPS, SPPS & Bond-Coats IV 
 
High Entropy Alloy (HEA) Bond Coats for Thermal Barrier Coatings (TBCs)—A Review...........657 
H. Shahbazi1, H. Vakilifard1, R.B. Nair1, A.C. Liberati1, C. Moreau1, R S. Lima2       

1.  Concordia University, Montreal, Quebec, Canada  
2. National Research Council of Canada, Boucherville, Quebec, Canada 

 
High Entropy Oxides as Promising Materials for Thermal Barrier Topcoats—A Review..........665 
H. Vakilifard1, H. Shahbazi1, A.C. Liberati1, R.B. Nair1, C. Moreau1, R. S. Lima2         

1.  Concordia University, Montreal, Quebec, Canada  
2. National Research Council of Canada, Boucherville, Quebec, Canada 

 
Suspension Sprayed YSZ Thermal Barrier Coatings on Inconel 718 Aerospike Manufactured by 
Laser Powder Bed Fusion.................................................................................................673 
Filofteia-Laura Toma1, Samira Gruber1, Alex Selbmann1, Christoph Leyens1, Martin Propst2,  
Tim Dorau2            

1.  Fraunhofer Institute for Material and Beam Technology (IWS), Dresden, Germany   
2. Technische Universität Dresden, Dresden, Germany 

 
TBCs & EBCs – APS, SPS, SPPS & Bond-Coats V 

 
Advanced Techniques for Evaluation of Thermal Shock Durability of Thermal Barrier 
Coating...........................................................................................................................681 
Kazuma Takeno1, Yoshifumi Okajima1, Taiji Torigoe1, Seiji Kuroda2, Kaita Ito2           

1.  Mitsubishi Heavy Industries, LTD., Hyogo, Japan  
2. National Institute for Materials Science, Ibaraki, Japan 

 
 
 
 
 
 



 

TBCs & EBCs – APS, SPS, SPPS & Bond-Coats VI 
 
Comparative Study of Mo and W Bonding Layers on Graphite During Plasma Spraying..........687 
Sik-Chol Kwon1, Neo Kang1, S-K Hyun2, J-K Kim2, I-S Kim2, T-H Park2, H-M Bong2          

1.  Bedell Surface Technologies, Namdong-gu, Incheon, S. Korea    
2. Inha University, Nam-gu, Incheon, S. Korea 

 
Wear & Corrosion Protection I 

 
Electrochemical Investigations and Corrosion Behavior of HVOF WC-12Co Coatings Obtained 
from Powder and Aqueous Suspension..............................................................................693 
Ulrike Langklotz1, Filofteia-Laura Toma2, Anja Meyer1, Milena Stallmann1            

1.  Fraunhofer Institute for Ceramic Technologies and Systems (IKTS), Dresden, Germany        
2. Fraunhofer Institute for Material and Beam Technology (IWS), Dresden, Germany 

 
Wear & Corrosion Protection II 

 
Optimization of Parameters for HVOF Spraying of Fine WC-NiCr Powders............................700 
Surinder Singh1, Alexander Osi1, Scott Wade1, Christopher C. Berndt1, Andrew Siao Ming Ang1,  
Hugo Howse2, Thomas Schlӓfer3                

1.  Swinburne University of Technology, Hawthorn, Victoria, Australia        
2. LaserBond Limited, Altona, Victoria, Australia 
3. LaserBond Limited, Adelaide, Cavan, Australia 

 
Wear & Corrosion Protection III 

 
Effect of Boron Alloying on the Fretting Wear Performance of Plasma-Sprayed CuNiIn 
Coatings.........................................................................................................................708 
Yong-Sheng Zhu, Xiao-Tao Luo, Yuan Ren, Chang-Jiu Li              

Xi'an Jiaotong University, Xi'an, Shaanxi Province, People’s Republic of China 
 

Young Professionals Competition 
 

Antipathogenic Coatings for Antibiotics Reduction in Broiler Farming.................................715 
Anne Breitrück1, Bernd Kreikemeyer2, K.-M. Henkel3                

1.  Fraunhofer Institute for Cell Therapy and Immunology IZI, Rostock, Germany                
2. University Medicine Rostock UMR, Rostock, Germany   
3. University of Rostock, Rostock, Germany 

 
 
 
 



 
Development of a Wear-Resistant Self-Fluxing Thermal Spray Coating by Solid Lubricant 
Incorporation..................................................................................................................722 
Bianca Preuß1, Thomas Lindner1, Thomas Lampke1, Wolfgang Wietheger2             

1.  University of Technology, Chemnitz, Germany                 
2. KVT Kurlbaum AG, Osterholz-Scharmbeck, Germany 

 
Long-Term Corrosion Behavior of Atmospheric Plasma Sprayed NiCr Alloy Containing Boron in 
3.5 wt.% NaCl Solution.....................................................................................................728 
Xin-Yuan Dong, Yong-Sheng Zhu, Xiao-Tao Luo, Chang-Jiu Li            

Xi'an Jiaotong University, Xi'an, Shaanxi, People’s Republic of China 
 
Ultrasonic Atomization as a Novel Route for the Metal Powder Development.......................733 
Adam Sajbura, Pawel Sokolowski            

Wroclaw University of Science and Technology, Wroclaw, Poland 
 
Repair of Damaged Fiber Reinforced Polymer Composites with Cold Spray..........................740 
Ibnaj Anamika Anni, Madison S. Kaminskyj, Kazi Zahir Uddin, Francis M. Haas, Behrad Koohbor, 
Madison S. Kaminskyj, Joseph F. Stanzione III, Francis M. Haas, Behrad Koohbor, Joseph F. Stanzione III       
  Rowan University, Glassboro, New Jersey, USA 
 
 
 
 
 
 




