
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-63439-902-9 

International Thermal Spray 
Conference & Exposition  
(ITSC 2014) 
 
Not Fiction: Thermal Spray the 
Key Technology in Modern Life! 

Barcelona, Spain 
21 - 23 May 2014 

 

 



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© (2014) by DVS Media GmbH 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2015) 
  
For permission requests, please contact DVS Media GmbH 
at the address below. 
  
DVS Media GmbH 
Postfach 10 19 65 
40010 Dusseldorf Germany 
 
 
Phone:  49 (0)211 / 1591-0 
Fax:  49 (0)211 / 1591-150 
 
media@dvs-hg.de 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



Table of contents 

Preface 

Time Schedule 

Lectures 

Aviation Industry 1�

Bond coat engineering influence on the evolution of the microstructure, bond strength and failure of TBCs  
subjected to thermal cycling .........................................................................................................................................1 �
R. S. Lima, B. R. Marple, Boucherville/CA, and D. Nagy, Dundas/CA�

Axial Injection plasma sprayed thermal barrier coatings .............................................................................................. 8 �
Z. Tang and G. Masindo, North Vancouver/CA�

Elastic and anelastic behavior of TBCs sprayed at high deposition rates ...................................................................13 �
A. Valarezo, Quito/EC and Stony Brook/US, G. Dwivedi, S. Sampath, Stony Brook/US, R. Musalek and  J. Matejicek, Prague/CZ�

Properties Characterization & Testing Methods�

Shrouded plasma sprayed Cr3C2-NiCr coatings – Effect of shroud-substrate distance ..............................................20 �
S. Matthews, Auckland/NZ�

Characterization of a HVOF-sprayed WC-CoCr coating before and after laser-assisted turning ................................26 �
K. Bobzin, L. Zhao, M. Öte, T. F. Linke, F. Klocke, C. Brummer and S. Graefe, Aachen/DE�

Interface fracture characterization of plasma sprayed and HIP bonded Zr coatings on U-Mo sheet using bulge 
testing ...........................................................................................................................................................................31 �
K. Hollis, C. Liu, R. Leckie and M. Lovato, Los Alamos/US�

Plasma Spraying 1�

Optimization of an emulator based on nonlinear Auto Regressive model with exogenous inputs for an  
atmospheric plasma spray torch ...................................................................................................................................37 �
T. Liu, M.-P. Planche, S. Deng and G. Montavon, Belfort/FR�

Tailoring the spray conditions for suspension plasma spraying ................................................................................... 43 �
A. Joulia, W. Duarte, S. Goutier, M. Vardelle, A. Vardelle and S. Rossignol, Limoges/FR�

Influence of process parameters and feedstock selection on coating microstructures with a cascaded  
SinplexProTM plasma torch ............................................................................................................................................48 �
D. Chen, C. Dambra and O. Sabouni, Westbury/US�

Influence of welding HAZ stresses on adhesion strength of APS ceramic coatings .................................................... 53 �
J. Barr, C. Estrada, J. Harrison and B. White, Houston/US�

Cold Gas Spraying 1�

Cold spraying of Cu-Al-bronze for cavitation protection in marine environments ........................................................ 59 �
S. Krebs, F. Gärtner and T. Klassen, Hamburg/DE�

Characterization and optimization of cold sprayed nickel- and nickel-based alloys on aluminum and steel  
substrates for corrosion protection and high temperature applications ....................................................................... 65 �
S .Lubkowitz, F. Trenkle, J. Luth and S. Hartmann, Bad Krozingen/DE�



Influence of spray angle on cold spray with Al for the repair of aircraft components ...................................................69 �
Q. Blochet, F. Delloro, F. N’Guyen, F. Borit, M. Jeandin, Evry/FR, K. Roche and G. Surdon, Argenteuil/FR�

Automotive Industry 1�

Corrosion resistant coatings for cylinder bore applications in passenger car engines ................................................ 75 �
F. Ernst, D. Kube, Dillingen/DE, F.-A. Xavier and J. Schmid, Nürtingen/DE�

State-of-the-art control and measurement techniques for high performance arc sprayed cylinder bore coating  
in automotive engine production ...................................................................................................................................79 �
W. Wagener, Landshut/DE, P. Woisetschläger, Munich/DE, and A. Bauer, Landshut/DE�

Study on PTWA process and application to car engine cylinder bores ....................................................................... 88 �
G. Darut, H. Liao, C. Coddet, Belfort/FR, and J. M. Bordes, Voujeaucourt/FR�

Power Generation – Industrial Gas Turbines 1�

Thermal sprayed Y2O3-Al2O3-SiO2 (YAS) coatings for environmental protection of SiC ceramics .............................. 94 �
E. García, A. Nistal, M. A. Sainz, M. I. Osendi, P. Miranzo, F. Martín de la Escalera and A. Khalifa, Madrid/ES�

Detrimental effects of the HVOF process on CoNiCrAlY ............................................................................................. 100 �
M. Thoma, München/DE, and A. Scrivani, Rubbiano/IT�

Comparision Thermal Spraying vs. other Surface Technologies�

A case study of the potential of wire arc spraying as a cost effective alternative to established weld overlay 
processes .....................................................................................................................................................................104 �
P. T. Nielsen, C. Jensen, Brøndby/DK, C. Jensen, and P. Bräsel, Sorø/DK�

Surface morphology and bioactivity of copper alloy coatings ...................................................................................... 109 �
R. Shafaghi, L. Pershin, J. Mostaghimi and M. Ringuette, Toronto/CA�

Suspension Spraying 1�

Columnar structured thermal barrier coatings (TBCs) by suspension plasma spraying (SPS) ................................... 113 �
N. Schlegel, S. Ebert, G. Mauer and R. Vaßen, Jülich/DE�

Morphology and wetting behaviour of atmospheric plasma sprayed titanium dioxide .................................................119 �
N. Sharifi, M. Pugh, C. Moreau and A. Dolatabadi, Montreal/CA�

"Young Professionals"�

Cold spray deposition of A WC-25Co cermet onto Al7075-T6 and carbon steel substrates ....................................... 125 �
M. Couto, S. Dosta and J. M. Guilemany, Barcelona/ES�

Influence of the powder morphology and plasma spray process parameters on the structure and properties of  
Al2O3 based plasma sprayed coatings ......................................................................................................................... 130 �
V. Matikainen, H. Koivuluoto, P. Vuoristo and J. Larjo, Tampere/FI�

Cold spraying of amorphous Cu50Zr50 alloys ................................................................................................................ 136 �
A. List, F. Gärtner, H. Assadi, T. Klassen, Hamburg/DE, T. Mori and S. Kuroda, Tsukuba/JP�

Transfer of micro-structures by transplantation of thermal sprayed coatings .............................................................. 142 �
P.Knödler, Witten/DE, A. Peuker, D. Freiburg, Dortmund/DE, M. Otten, Hannover/DE, K. Möhwald, Witten/DE, and D. Biermann, 
Dortmund/DE�

Microstructure and high-temperature corrosion behavior of wire-arc sprayed Fe-based coatings .............................. 146 �
R. Li, D. He, Z. Zhou, G. Wang and J. Jiang, Beijing/CN�



Plasma sprayed Y2O3 coating on C-FRP with aim of development of future mold materials for integrated circuit 
encapsulation .............................................................................................................................................................. 157 �
A. Ganesan, M. Yamada, M. Fukumoto, Toyohashi/JP, and S. Kitaoka, Nagoya/JP�

Mechanical properties of Cu-Ag alloys deposited by cold spray ................................................................................ 162 �
P. Coddet, Grenoble/FR, C. Verdy, C. Coddet, Belfort/FR, and F. Debray, Grenoble/FR�

Insulating coatings for high-performance electronic components produced by thermal spraying considering 
electrical and mechanical characteristics ................................................................................................................... 169 �
M. Cichosz, F. Trenkle, S. Hartmann, Bad Krozingen/DE, and J. Wilde, Freiburg/DE�

Aviation Industry 2�

Relationships between in-flight characteristics and microstructural properties of plasma sprayed yttria  
stabilised zirconia ....................................................................................................................................................... 173 �
M. L. Sesso, C. C. Berndt, Y. C. Wong and A. S. M� Ang, Melbourne/AUS�

Lanthanum and gadolinium zirconate thermal barrier coatings structure and properties evolution ..........................179 �
I. Mazilin, L. Baldaev and D. Drobot, Moscow/RU�

Ceramic Coatings 1�

On the dielectric behavior of annealed plasma sprayed forsterite and alumina coatings .......................................... 184 �
J.-M. Lamarre, C. V. Cojocaru and J.-G. Legoux, Boucherville/CA�

Residual stress analysis on thermally sprayed coatings by means of optical and mechanical methods .................. 190 �
V. Martínez García, G. Pedrini, A. Killinger, R. Gadow and W. Osten, Stuttgart/DE�

Modeling & Simulation 1�

Numerical modelling of arc dynamics in a conventional DC plasma spray torch ....................................................... 196 �
M. Alaya, C. Chazelas, G. Mariaux and A. Vardelle, Limoges/FR�

Modelling of impact and bonding of inhomogeneous particles in cold spraying ........................................................ 203 �
H. Assadi, T. Klassen, F. Gärtner, Hamburg/DE, T. Nanbu, Y. Kawashita and Y. Uehara, Kanagawa/JP�

Design of experiment oriented fluid simulation for the virtual improvement of the air-cap configuration in  
twin-wire arc-spraying (TWAS) process ..................................................................................................................... 208 �
W. Tillmann, M. Abdulgader, N. Anjami and L. Hagen, Dortmund/DE�

Cold Gas Spraying 2�

Integration of electrical functionality by transplantation of cold sprayed electrical conductive Cu tracks via  
injection moulding ....................................................................................................................................................... 215 �
K. Bobzin, M. Öte, T. F. Linke, C. Schulz, C. Hopmann and J. Wunderle, Aachen/DE�

A morphological approach to the modeling of the cold spray process ....................................................................... 221 �
F. Delloro, Evry/FR, M. Faessel, Fontainebleau/FR, H. Proudhon, Evry/FR, D. Jeulin, Fontainebleau/FR, M. Jeandin, Evry/FR,  
E. Meillot and L. Bianchi, Monts/FR�

Automotive Industry 2�

Quality designed twin wire arc spraying of aluminum bores ......................................................................................227 �
J. König, M. Lahres and O. T. Methner, Ulm/DE�

Laser texturing surface pre-treatment before PTWA process applied to car engine cylinder bores ......................... 234 �
S. Costil, G. Darut, A. Mahfoud, A. Lamraoui, Belfort/FR, and J. M. Bordes, Voujeaucourt/FR�



Investigation of HVOF-sprayed (Ti, Mo)(C, N)-Ni hardmetal coatings for static friction applications ........................ 239
L.-M. Berger, I. Shakhverdova, R. Puschmann, Dresden/DE, M. Gräfensteiner, E. Leidich, S. Schiefer and  
M. Gerlach, Chemnitz/DE�

Thermal cycling assessment of steel-based thermal barrier coatings for Al protection ............................................. 246
D. Poirier, J.-M. Lamarre and J.-G. Legoux, Boucherville/CA�

Application and practice of WC cermet sprayed composite coating technology in the hot-dip galvanizing line ........ 252
L. Wang, Shanghai/CN�

Power Generation – Industrial Gas Turbines 2�

Evolution of thermal barrier coatings for land based gas turbines at MHI ................................................................. 257
Y. Okajima, D. Kudo, N. Okaya, T. Torigoe, H. Kaneko, M. Mega, E. Ito, J. Masada and K. Tsukagoshi, Tokyo/JP�

A comparison of microstructure and of thermal transport properties of yttria and ceria stabilized zirconia  
coatings deposited by suspension plasma spraying ..................................................................................................263 
P. Soko�owski, L. �atka, S. Kozerski, A. Ambroziak, Wroclaw/PL, L. Paw�owski and B. Pateyron, Limoges/FR�

A preliminary microstructure investigation of YSZ coatings deposited by plasma spray –  
physical vapor deposition using a shrouded plasma torch .........................................................................................268 
Q.-Y. Chen, C.-J. Li, C.-X. Li, G.-J. Yang and J.-Z. Zhao, Xi’an/CN�

Intermediate PVD layers as diffusion barriers in turbine coating systems ................................................................. 273
I. E. Ali, D. Wett, T. Grund, D. Nestler, B. Wielage and T. Lampke,Chemnitz/DE�

Wear Protection�

The impact and sliding wear performance of thermal spray HVAF thick carbide coatings on steel substrates ........ 279
R Waudby, Espoo/FI and Sheffield/UK, T. Suhonen, T. Varis and K. Holmberg, Espoo/FI�

Ultra-smooth hardface coatings applied by advanced HVOF process ...................................................................... 285
X. Ma and P. Ruggiero, East Windsor/US�

Influence of binder phase content on the microstructure and properties of TiB2-Ni coatings sprayed by HVOF ...... 291
X. Chen, H. T. Wang, G. C. Ji, X. B. Bai and Z. X. Dong, Jiujiang/CN�

Thermal sprayed protective coatings for superplastic forming ceramic dies: A monitoring system  
of die condition ............................................................................................................................................................ 301
A. Staiano, Glasgow/UK, W. Ion, Glasgow/UK and Inchinnan/UK, and L. O’Hare, Inchinnan/UK�

HVOF- / HVAF-Spraying�

Design of experiment for advanced nanostructured WC-12Co coating HVOF: Three-point bending tests ...............306 
A. A. Al-Hamed, K. Y. Benyounis, Dublin/IE, H. Y. Al-Fadhli, B. S. Yilbas, Dhahran/SA, M. S. J. Hashmi and J. Stokes, Dublin/IE�

Thermal spray coatings for high temperature corrosion protection in biomass co-fired boilers ................................ 312 �
M. Oksa, J. Metsäjoki and J. Kärki, Espoo/FI and Jyväskylä/FI�

Optimization of grit blasting conditions by supersonic air spraying ............................................................................318 �
C. Lyphout, S. Björklund, Trollhättan/SE, and P. Boccaccio, Modena/IT�

Influence of the handling parameters on the characteristics of HVOF sprayed coatings processed  
by means of fine WC-12Co (2 – 10 μm) powders ...................................................................................................... 324 �
W. Tillmann, I. Baumann, P. Hollingsworth, M. Dildrop, A. Eilers, H. Müller and T. Wiederkehr, Dortmund/DE�

Influence of the spray gun type on microstructure and properties of HVAF sprayed Fe-based corrosion  
resistant coatings ........................................................................................................................................................ 334 �
A. Milanti, H. Koivuluoto and P. Vuoristo, Tampere/FI�



Novel Industrial Applications�

A 25 year exposure test of thermal sprayed Zn, Al, and Zn-Al coatings in marine environments .............................340 �
S. Kuroda, Tsukuba/JP, S. Uematus, K. Kato, Y. Ichiryu and H. Saitoh, Tokyo/JP�

Improved efficiency in paper making by thermal spray coatings ................................................................................ 345 �
H. Jungklaus, Laakirchen/AT�

Deposition of dense ceramic coatings by detonation spraying ..................................................................................349 �
V. Ulianitsky, A. Shtertser, I. Batraev, Novosibirsk/RU, and I. Smurov, Saint-Etienne/FR�

Effect of Al enrichment by pack cementation of FeCr coatings deposited by HVOF ................................................. 353 �
A. Bellucci, S. Bellini, R. Pileggi, D. Stocchi, Rome/IT, and T. Satu, Tampere/FI�

Pulsed laminar arc jet associated with phase injection of suspension for coating elaboration .................................. 359 
J. Krowka, V. Rat, C. Chazelas and J. F. Coudert, Limoges/FR 

Powders, Wires, Suspensions�

New composites for electrical high thermal applications ............................................................................................363 �
D. R. Vidal, I. G. Cano and J. M. Guilemany, Barcelona/ES�

Demands and economic aspects of thermal spraying with suspensions – an overview ...........................................368 �
F.-L. Toma, L.-M. Berger, A. Potthoff and S. Langner, Dresden/DE�

Production and plasma spraying of cermet powders TiC-NiCr with given volume content of carbide ultra-fine 
inclusions .................................................................................................................................................................... 373 �
O. P. Solonenko, A. E. Chesnokov and A. V. Smirnov, Novosibirsk/RU�

Cold Gas Spraying 3�

Interface characterization and bonding mechanisms of cold gas sprayed Al coatings on ceramic substrates ......... 379 �
R. Drehmann, T. Grund, T. Lampke, B. Wielage, Chemnitz/DE, K. Manygoats, T. Schucknecht and D. Rafaja, Freiberg/DE�

Influence of substrate temperature on adhesion strength of cold-sprayed coatings .................................................385 �
Y. Watanabe, C. Yoshida, K. Atsumi, M. Yamada and M. Fukumoto, Toyohashi/JP�

Properties and comparison of WC-25/17/12Co cold spray coatings onto Al7075-T6 ................................................ 391 �
M. Couto, S. Dosta, J. M. Guilemany, Barcelona/ES, and J. Putzier, Leichlingen/DE�

Plasma Spraying 2�

Plasma spraying of ceramics with particular difficulties in processing .......................................................................397 �
G. Mauer, N. Schlegel, A. Guignard, M. O. Jarligo, S. Rezanka, A. Hospach and R. Vaßen, Jülich/DE�

Effect of vacuum annealing on the microstructure and tribological properties of Fe-40Al coatings deposited by 
atmospheric plasma spraying ..................................................................................................................................... 403 �
B. Song, S. Dong, H. Liao and C. Coddet, Belfort/FR�

Synthesis and phase stability of scandia, gadolinia and ytterbia co-doped zirconia for thermal barrier coating 
application ...................................................................................................................................................................408 �
Q. Li, X. Cui, S. Li, W. Yang, C. Wang and Q. Cao,Beijing/CN�

Examination of the origin of inter-splat interface debonding during plasma-spraying of ceramic coating .................414 �
L. Chen, G.-J. Yang, C.-X. Li and C.-J. Li, Xi’an/CN�



Power Generation – Fuel Cells & Solar�

Comparison of microstructure and properties of MCrAlY-Al2O3 composite coatings with both micro-sized  
and nano-sized ceramic particles deposited by plasma spraying, HVOF and cold spraying ....................................420 
X.-H. Tan, J.-M. Xu, Shanghai/CN, Q. Li, G.-J. Yang, Y.-Y. Wang, C.-X. Li and C.-J. Li, Xi’an/CN�

Modeling & Simulation 2 

A three-dimensional analysis of the suspension plasma spray impinging on a flat substrate ...................................426 
M. Jadidi, M. Mousavi, F. Jabbari, S. Moghtadernejad and A. Dolatabadi, Montreal/CA�

Transient thermal analysis of NiCrBSi coatings manufactured via hybrid plasma spray process  
by finite element method ............................................................................................................................................. 432
J. Liu, R. Bolot, S. Costil and M. P. Planche, Belfort/FR�

Phase selection during rapid solidification of plasma-sprayed alumina splats on an alumina substrate ...................438 
E.-J. Yang, J.-J. Xin, C.-J. Li, Xi’an/CN, G.-X. Wang, Xi’an/CN and Akron/US, and G.-J. Yang, Xi’an/CN�

Effect of pore size on the plasma sprayed coating’s stress distribution ..................................................................... 444
W. Wang, L. Wang, Z. Yu and F. Xuan, Shanghai/CN�

Arc Spraying & Laser Spraying�

Investigations of technological developments in nozzle design for twin wire arc spraying by means  
of spray plume characteristics .................................................................................................................................... 455
W. Tillmann, L. Hagen, M. Abdulgader, H. G. Rademacher, A. Schmidt, H. Müller and T. Wiederkehr, Dortmund/DE�

Investigation of the effect of porosity content on the flexural behaviour of nickel foam core sandwich  
structures with arc sprayed alloy 625 skin .................................................................................................................. 461
S. Salavati, L. Pershin, T. W. Coyle and J. Mostaghimi, Toronto/CA�

3D μCT and SEM analysis of resolidified tips of cored wires used in twin wire arc spraying ....................................467 
J. Nellesen, M. Abdulgader, W. Tillmann, Dortmund/DE, and F. Beckmann, Geesthacht/DE�

Study on thermal conductivity of iron-based alloy coatings prepared by wire arc spraying process ......................... 474
J. X. Wei, R. Li, Z. Zhou, D. Y. He, J. M. Jiang, Z. H. Wang and G. H. Wang, Beijing/CN�

Quality, Enviro�ment, Health & Safety�

Important and in demand than ever: training and qualification of thermal spray personnel ......................................480 
R. Huber and A. Ohliger-Volmer, München/DE�

Development of thermally sprayed Ca2Fe2O5 coatings for thermoelectrical applications ..........................................485 
M. M. Barbosa, R. Puschmann, S. Thiele, F.-L. Toma, H.-P. Martin, L.-M. Berger, C. Leyens, E. Beyer, Dresden/DE, and  
N. J. van der Laag, München/DE�

Corrosion protection for wind power plants – The influence of the application conditions by thermally spraying  
on the corrosion behaviour of ZnAl coatings ..............................................................................................................491 
T. Maghet, J. Maehrlein, Duisburg/DE, R. Feser, Iserlohn/DE, T. Wilhelm, Duisburg/DE, and K. Klahold, Iserlohn/DE�

Aviation Industry 3�

Cold spray of carbon fiber reinforced polymer for lightning strike protection ............................................................. 497
H. Che and S. Yue, Montreal/CA

Study of the residual stress distribution of thermally-sprayed TBCs involving various interfaces and laser drilling ..500 
C. Guinard, V. Guipont, M. Jeandin, Evry/FR, and G. Montay, Troyes/FR�



Power Generation – Steam�

Wear resistant HVOF coatings for high temperature applications ............................................................................. 506
Š. Houdková, M. Kašparová, Z. �esánek and J. Schubert, Plze�/CZ�

Technological approach for a full thermally sprayed thermoelectric generator .......................................................... 513
R. Puschmann, M. M. Barbosa, S. Scheitz, L.-M. Berger, F.-L. Toma, C. Leyens and E. Beyer, Dresden/DE�

Thermal spray coating on geothermal turbine blades by high velocity oxy-liquid fuel gun MJP-6000*  
for corrosion protection ...............................................................................................................................................519 
R. Upadhyaya, S. C. Modi and A. Modi, Jodhpur/IN�

New Processes�

Atmospheric plasmadynamic system in thermal spraying and hardening .................................................................520 
Yu. Chivel, Saint Etienne/FR�

Chemical reactions of different types in detonation sprayed powders as tools of coating design .............................525 
V. Yu. Ulianitsky, I. S. Batraev, D. V. Dudina and N. V. Bulina, Novosibirsk/RU�

Microstructure and fundamental properties of low temperature HVOF sprayed WC-10Co4Cr coatings ..................531 
J.-F. Zhang, C.-M. Deng, M. Liu, K.-S. Zhou, J. Huang and T. Han, Guang�hou/CN�

Medical Industry 1�

Mechanical study of novel VPS-titanium coating on polyethylene substrates ...........................................................535 
G. Wolinne, M. Jeandin, L. Corté, Evry/FR, S. Ruch and A. Salito, Baden-Dättwil/CH�

Corrosion Protection�

Spray plasma processed ZrB2-based coatings for oxidation protection .....................................................................541 
C. Barré, A.Quet, L. Bianchi, Monts/FR, C. Sanchez, Paris/FR, and A. Sauveroche, Le Haillan/FR�

Enhancing high temperature erosion-corrosion resistance of SA213-T91 steel by HVOF sprayed  
nano-structured Ni-20Cr coating ................................................................................................................................ 546
M. Kumar, H. Singh and N. Singh, Rupnagar/IN�

Performance of D-gun sprayed coatings in Na2SO4-60%V2O5 environment at 900 °C .............................................551 
G. Kaushal, Talwandi Sabo/IN, H. Singh, Rupnagar/IN, and  S. Prakash, Roorkee/IN�

Preparation and characterization of WC/Co-W-C cermet coatings with molten zinc corrosion resistance  
by HVOF spraying of bimodal-structured WC/Co powder .......................................................................................... 556
J.-M. Xu, X.-H. Tan, Q. Wang, Shanghai/CN, Q. Li, G.-J. Yang, Y.-Y. Wang, C.-X. Li and C.-J. Li, Xi’an/CN�

Tribological Coatings�

New types of self-lubricated thermal spray coatings: The use of liquid lubricants in a metal matrix .........................562 
N. Espallargas and S. Armada, Trondheim/NO�

Multiscale modelling of microstructural defects and influence on mechanical properties and wear resistance  
of thermal spray coatings ............................................................................................................................................ 568
A. Laukkanen, T. Varis, T. Suhonen, J. Metsäjoki, T. Andersson and T. Laitinen, Espoo/FI�

Performance analysis of hard coatings applied by different processes on carbon steel ........................................... 572
C. R. C. Lima, R. Libardi, F. Camargo, São Paulo/BR, M. A. R. Mojena, H. C. Fals, Santiago de Cuba/CU, and  
V. A.Ferraresi, Uberlândia/BR�

Influence of cold, warm and plasma sprayed layers on high-cycle fatigue properties of steel specimens ................577 
J. Cizek, M. Matejkova, I. Dlouhy, Brno/CZ, C. M, Kay, J. Karthikeyan, Barberton/US, S. Kuroda, Tsukuba/JP, O. Kovarik,  
J. Siegl, Prague/CZ, and K. A. Khor, Singapore/SG�



Effects of feedstock shape on the qualities of cold-sprayed Cu coatings .................................................................. 582 �
K. Ko, J. Choi, H. Lee and H. Lee, Suwon/KR�

Pre- & Post-Treatment�

Application of dry-ice blasting in high velocity oxy-fuel process for deposition of thick WC-Co coating .................... 588 �
S. Dong, B. Song, B. Hansz, H. Liao and C. Coddet, Belfort/FR�

Plasma sprayed Ce:YAG ............................................................................................................................................ 593 �
P. Ctibor, Praha/CZ, J. Kubát, Turnov/CZ, Z. Pala and B. Nevrlá, Praha/CZ�

Surface roughness of plasma sprayed coatings: A statistical approach ....................................................................599 �
J. A. Gan, Hawthorn/AU, and C. C. Berndt, Hawthorn/AU and Stony Brook/US�

Effects of spray parameters and heat treatment on the microstructure and mechanical properties of titanium 
coatings formed by warm spraying ............................................................................................................................. 605 �
R.Molak, S.Kuroda, H. Araki, M.Watanabe, Tsukuba/JP, H. Katanoda, Kagoshima/JP, N. Ohno and H. Fukanuma, Saitama/JP�

The effect of (severe) shot peening as pre/post treatment on fatigue behavior  of cold spray coating .....................611 �
A. Moridi, S. M .Hassani-Gangaraj, Milan/IT, S. Vezzu, Marghera/IT, and M. Guagliano, Milan/IT�

Post-treatment of plasma sprayed amorphous ceramic coatings by spark plasma sintering ....................................617 �
T. Chraska, J. Med�ický, R. Mušálek, M. Vilémová, Z. Pala and J. Cinert, Prague/CZ�

Process Diagnostics, Sensors & Controls�

Tomographic particle localization and velocity measurement .................................................................................... 623 �
S. Kirner, G. Forster and J. Schein, Neubiberg/DE�

Modeling the gas flow and coating particles in the hydrogen fueled HVOF process ................................................. 629 �
T. Pinomaa, T. Suhonen and T. Varis, Espoo/FI�

Laser diagnostic techniques for suspension and solution plasma spraying .............................................................. 634 �
S. Goutier, J. Varin, W. Duarte, A. Joulia and M. Vardelle, Limoges/FR�

3D thickness measurement of layer buildup during twin wire arc-spraying process ................................................. 641 �
W. Tillmann, H.-G. Rademacher, R. Zielke, M. Abdulgader, L. Hagen and B. Rüther, Dortmund/DE�

Development of velocity measurement methods for cold sprayed particle clusters using particle image  
velocimetry techniques ............................................................................................................................................... 648 �
K. Sakata, K. Tagomori, N. Sugiyama, S. Sasaki, Y. Shinya, Kitakyushu/JP, M. Yasuki, H. Sasaki, Tokyo/JP, T. Nanbu,  
K. Takashima, Yokosuka/JP, and H. Katanoda, Kagoshima/JP�

Ceramic Coatings 2�

Nanostructured and conventional Cr2O3, TiO2 and TiO2-Cr2O3 thermal sprayed coatings for metal seated ball  
valve applications in hydrometallurgy ......................................................................................................................... 653 �
L. Vernhes, C. Bekins, N. Lourdel, Montreal/CA, D. Poirier, R. S. Lima, BouchervilleI/CA, D. Li and  
J. E. Klemberg-Sapieha, Montreal/CA�

Detonation spraying of hollow microspherical alumina powder ................................................................................. 668 �
V. Yu. Ulianitsky, O. P. Solonenko, A. V. Smirnov and I. S. Batraev, Novosibirsk/RU�

Investigation of oxide formation on sliding interfaces of WC-CoCr in relation to friction and wear ............................ 674 �
J. A. Wesmann, R. Johnsen, N. Espallargas, Trondheim/NO, J. Herland, D. Twist, Tranby/NO,  H. Araki, M. Watanabe and  
S. Kuroda, Tsukuba/JP�

Optimization of high porosity thermal barrier coatings generated with a porosity former .......................................... 680 �
J. Medricky, M. Vilemova, T. Chraska, Prague/CZ, N. Curry and N. Markocsan, Trollhättan/SE�



Investigation of crack propagation behavior of thermal barrier coatings fabricated by atmospheric plasma  
spraying in the process of uniaxial tension using acoustic emission technique ......................................................... 686 �
L. Wang, X. H. Zhong, Shanghai/CN, Y. X. Zhao, Shanghai/CN and Beijing/CN, H.Y. Zhao, Shanghai/CN, J. S. Yang,  
Shanghai/CN and Beijing/CN, S. Y.Tao, Shanghai/CN, and Y. Wang, Harbin/CN�

Cold Gas Spraying 4�

The deposition behavior and bonding features of kinetic sprayed mixed Al-Ni binary metallic powders ..................695 �
J. Kim, G. Byun and C. Lee, Seoul/KR�

Microstructure characterization of in-situ Al5Fe2 intermetallics particles reinforced Al matrix composite coating 
by annealing treatment of cold sprayed precursor ..................................................................................................... 701 �
H.-T. Wang, X. Chen, X.-B. Bai, G.-C. Ji and Z.-X. Dong, Jiujiang/CN�

Micro-scale interface strength evaluation of cold sprayed deposit ............................................................................. 707 �
Y. Ichikawa, Y. Watanabe, I. Nonaka and H. Miura, Sendai/JP�

Disorder and bonding in cold spraying of Fe40Al ....................................................................................................... 711 �
N. Cinca, Barcelona/ES and Hamburg/DE, F. Gärtner, T. Klassen, Hamburg/DE, and J. M. Guilemany, Barcelona/ES�

Annealing treatment on the microstructure and properties of cold-sprayed FeAl-40%WC composite coating .........716 �
H.-T. Wang, X. Chen, X.-B. Bai, G.-C. Ji and Z.-X. Dong, Jiujiang/CN�

Medical Industry 2 / Metal Coatings�

Effects of Al content and addition of third element on fabrication of Ti-Al intermetallic coatings by heat  
treatment of warm sprayed precursors ....................................................................................................................... 722 �
J. Sienkiewicz, S. Kuroda, K. Minagawa, H. Murakami, H. Araki, Tsukuba/JP, and K. J. Kurzyd�owski, Warsaw/PL�

Improvement of delamination resistant properties for thermal barrier coatings by formation wedge-like  
thermally grown oxide .................................................................................................................................................728 �
S. Hatta, K. Ogawa, T. Takanezawa and H. Yamazaki, Sendai/JP�

Numerical simulation of the minimal bonding strength to overcome rebounding in cold spraying Cu/Cu ................. 733 �
K. Wang, L. Kong, X. Cui, Y. Tao, T. Li and T. Xiong, Shenyang/CN�

Suspension Spraying 2�

Electrocatalytic behaviour of nickel coatings formed by APS and SPS processes .................................................... 739 �
M. Aghasibeig, R. Wuthrich, C. Moreau and A. Dolatabadi, Montreal/CA�

Columnar structured thermal barrier coatings deposited by suspension plasma spraying ........................................745 �
S. Tao, X. Zhong, H. Zhao, Y. Zhao, D. Li and C. Ding, Shanghai/CN�

Microstructural characterization and gas sensing properties of solution precursor plasma-sprayed zinc oxide  
(ZnO) nanostructured coatings ................................................................................................................................... 751 �
C. Zhang, Yangzhou/CN, H. Li, Ningbo/CN, P. He, M. Planche, H. Liao, Belfort/F, M. Olivier and M. Debliquy, Mons/BE�



Posters 

Applications: Automotive Industry�
Researches regarding the structure investigations on new materials of the composite type .................................... 756
A. A. Cernaianu, Bucharest/RO�

Applications: Aviation Industry�

The influence of the pass number on the abradability of Al-based coating ............................................................... 763
Y. Yu, Beijing/CN and Shenyang/CN, J. Liu, Beijing/CN and Shenyang/CN, J. Shen and T. Liu, Beijing/CN�

Applications: Power Generation – Fuel Cells & Solar�

Microstructure and properties of suspension plasma sprayed SrTiO3-based anodes for  
intermediate-temperature solid oxide fuel cells .......................................................................................................... 768
S.-L. Zhang, C.-X. Li, and C.-J. Li, Xi’an/CN�

Applications: Power Generation – Industrial Gas Turbines  

Multi-scale multi-points inter-splat connection enhanced sintering model for plasma-sprayed lamellar TBCs .........774 
H. Xie, G.-J. Yang, C.-X. Li and C.-J. Li, Xi’an/CN�

Healing of the interface between splashed particles and underlying bulk coating and its influence on  
isothermal oxidation behavior of LPPS MCrAlY bond coat ........................................................................................781 
B.-Y. Zhang, J. Shi, G.-J. Yang, C.-X. Li and C.-J. Li, Xi'an/CN�

Examination of the characteristics of residual pores in high temperature sintered plasma-sprayed La2Zr2O7 
coatings .......................................................................................................................................................................788 
T. Liu, X. Chen, G.-J. Yang, C.-X. Li and C.-J. Li, Xi’an/CN�

The influence of temperature gradient on thermal cyclic lifetime of plasma-sprayed thermal barrier coatings .........794 
H. Dong, G.-J. Yang, H. Ding, C.-X. Li and C.-J. Li, Xi‘an/CN�

Economic, Regulatory and Other Business Issues – 
QESH  (Quality, Environment, Safety & Health)�

Workplace exposure to nickel during thermal spraying processes ............................................................................799 
M. A. Blättler, C. Pletscher, D. Miedinger and M. Koller, Lucerne/CH�

Equipment / Consumables – Gases�

The analysis of possible application of different working gases in cold gas spray method: dynamics and 
temperatures of particles ............................................................................................................................................ 801
A. Ma�achowska, A. Ambroziak, Wroc�aw/PL, B. Pateyron and L. Paw�owski, Limoges/FR�

Equipment / Consumables – Powders, Wires, Suspensions�

Influence of Cr3C2-NiCr feedstock powder characteristics on the deposition efficiency, coating microstructures  
and abrasion wear resistance ..................................................................................................................................... 806
L.-M. Berger, S. Thiele, T. Börner, Dresden/DE, L. Janka and M. Rodriguez Ripoll, Wiener Neustadt/AT�

Equipment / Consumables – Process Diagnostics, Sensors & Controls�

Process control of thermal spraying processes by means of acoustic emission analysis ......................................... 813
W. Tillmann, M. Abdulgader, G. Wang and R. Zielke, Dortmund/DE�



Properties – Ceramics Coatings�

Dielectric properties of Al2O3 coatings deposited via atmospheric plasma spraying and dry-ice blasting  
correlated with microstructural characteristics ........................................................................................................... 819
S. Dong, B. Song, C. J. Li, H. Liao and C. Coddet, Belfort/FR�

Comparison of alumina-titania coatings deposited by plasma and HVOF spray techniques .................................... 824
R. Trache, L.-M. Berger and C. Leyens, Dresden/DE�

Properties – Corrosion Protection�

Mitigating localised corrosion using thermally sprayed aluminium coatings on welded 25% Cr superduplex  
stainless steel .............................................................................................................................................................830 
S� Paul and Q� Lu, Cambridge/UK�

Building a high temperature corrosion and erosion model for thermal spray coatings .............................................. 836
J. Metsäjoki, M. Oksa, J. Vaari, K. Penttilä and A. Laukkanen, Espoo/FI�

Surface modification decreses the heat conductivity at higher temperature of aluminium coating ...........................841 
R. Upadhyaya, S. C. Modi and A. Modi, Jodhpur/IN�

Properties – Metal Coatings�

Heat-treatment of cold sprayed Al/Ti coating on �-TiAl alloy...................................................................................... 842
J. Wang, L. Kong, T. Li and T. Xiong, Shenyang/CN�

Properties and micro-structure analysis of Cu-Cr-Zr alloy coating.............................................................................845 
G. Ma, L. Kong��Y. Liang, T. Li and T. Xiong, Shenyang/CN�

Improvements in MMC coatings – Influence of powder preparation (mixture or ball milling) and powder  
size on the coating behavior ....................................................................................................................................... 849
S. Costil, T. Baur, D. Aussavy, G. Montavon, O. El-kedim, Belfort/FR, and A.-F. Bonnot, Lyon/FR�

Formation of secondary phases in tunnel plasma sprayed metallic glass coatings and their role on properties ...... 855
S. Yugeswaran, Toronto/CA, A. Kobayshi, Oska/JP, T. W. Coyle and J. Mostaghimi, Toronto/CA�

The research of arc sprayed coatings tribological properties ..................................................................................... 860
J. Gargasas, A. Vaclovas Valiulis, I. Gedzevicius, Vilnius/LT, H. Pokhmurska, B. Wielage, T. Lampke, Chemnitz/DE, and  
R. Rosert, Altleiningen/DE�

Properties – Nanomaterial Coatings  

Effect of substrate hardness and gas temperature on deposition behavior of nanostructured WC-23Co  
particles in cold spraying process ...............................................................................................................................866 
X. Chen, H. T. Wang, G. C. Ji, X. B. Bai and Z. X. Dong, Jiujiang/CN�

Properties – Properties Characterization & Testing Methods�

Comparison of metastable austenite type structure of Fe-based coatings  produced by arc spraying and 
surfacing ..................................................................................................................................................................... 874
Yu. Korobov, M. Filippov, A. Makarov, I. Zabolotski, Yu. Khudorozhkova and G. Rimer, Ekaterinburg/RU�

Fatigue performance of TBC on structural steel exposed to cyclic bending ..............................................................880 
R. Musalek, O. Kovarik, J. Medricky, Prague/CZ, N. Curry, S. Bjorklund and P. Nylen, Trollhattan/SE�

X-ray micro-tomography and modeling of cold-sprayed coated powders .................................................................. 886
F. Delloro, Evry/FR, M. Faessel, Fontainebleau/FR, H. Proudhon, Evry/FR, D. Jeulin, Fontainebleau/FR, M. Jeandin, Evry/FR,  
E. Meillot and L. Bianchi, Monts/FR�



Properties – Tribological Coatings  

In situ wear test on thermal spray coatings in a large chamber scanning electron microscope ................................892 
W. Tillmann, W. Luo and U. Selvadurai, Dortmund/DE�

Properties – Wear Protection 

Solid abrasive wear behaviour of Cr3C2-20(NiCr) deposited by HVOF ...................................................................... 899
E. Altuncu and F. Ustel, Sakarya/TR�

Thermal Spray Processes – Cold Gas Spraying�

Influence of cold-sprayed Al/Ti deposition on high-temperature oxidation and mechanical properties  
deterioration of Ti-Al-Nb intermetallic substrates .......................................................................................................903 
J. Cizek, O. Man and I. Dlouhy, Brno/CZ�

Formation of intermetallic phases in Fe-Al binary cold spray thick deposit ............................................................... 908
V. Jan, L. Páleníková, J. �upera and J. �ížek, Brno/CZ�

Effect of SiC particle size and methods for preparing powder on the microstructure of cold spray Al5056/SiCp 
composite coatings .....................................................................................................................................................912 
S. Gojon, C. Verdy, H. Liao, Belfort/FR, and O. El Kedim, Site de Sevenans/FR�

Cold spray deposition of a core-shell structured WC-Co coating............................................................................... 918
X.-T. Luo, C.-X. Li, G.-J. Yang and C.-J. Li, Xi’an/CN�

Novel in-situ gradient heat treatment during cold spray ............................................................................................. 923
Y. Zeralli, Evry/FR and Courville sur Eure/FR, G. Rolland, M. Jeandin, Evry/FR, C. Bourda and  
F. Rambaud, Courville sur Eure/FR�

Single impact bonding of cold sprayed Ti6Al4V powders onto different substrates .................................................. 929
M. Villa Vidaller, S. Dosta, J. M.Guilemany, Barcelona/ES, F. Gärtner, A. List and T. Klassen, Hamburg/DE�

Properties of high thickness Al coatings obtained by cold gas spray to repair of light alloys components ...............935 
J. Bedoya, S. Dosta, I. G. Cano and J. M. Guilemany, Barcelona/ES�

Cold spray deposition on inner side of pipe with aid of radial supersonic nozzle ...................................................... 940
S. V. Klinkov, V. F. Kosarev and V. N. Zaikovskii, Novosibirsk/RU�

Thermal Spray Processes – HVOF / HVAF Spraying�

PIV measurement and numerical simulation of the particle velocity in a HVAF spray ............................................... 946
H. Katanoda, Kagoshima/JP, K. Sakata, K. Tagomori, N. Sugiyama, S. Sasaki, Y. Shinya, Kitakyushu/JP, M. Yasuki, H. Sasaki, 
Tokyo/JP, T. Nanbu and K. Takashima, Yokosuka/JP�

Adaption of the path strategy to produce near net shape coatings manufactured by HVOF spraying ......................950 
W. Tillmann, P. Hollingsworth, I. Baumann, D. Hegels, T. Wiederkehr, H. Müller, B. Johnen and B. Kuhlenkötter, Dortmund/DE�

Optimization of WC-based HVAF-sprayed coatings for alternative to hard chromium: Role of carbides grain 
size and mean free path on coating wear and corrosion properties .......................................................................... 956
C. Lyphout, Trollhättan/SE, and K. Sato, Kakamigahara/JP�

Internal diameter HVAF spraying for wear and corrosion applications ...................................................................... 962
C. Lyphout and S. Björklund, Trollhättan/SE�

Mechanical properties of Hastelloy C-276 coating sprayed by HVOF technology ..................................................... 968
M. Prantnerová, Š. Houdková, Z. �esánek and J. Schubert, Pilsen/CZ�



Thermal Spray Processes – Modeling & Simulation�

Computer modeling of cermet coatings evolution under their pulsed high-energy post-treatment............................973 �
O. P. Solonenko and A. A. Golovin, Novosibirsk/RU�

Thermal Spray Processes – New Processes�

A plasma torch designed for low pressure plasma spraying and formation of yttria stabilized zirconia coatings ..... 979 �
C. Q. Sun, Y. Gao and D. M. Yang, Dalian/CN�

Binary fuel detonation spraying of WC/Co ..................................................................................................................985 �
V. Ulianitsky, I. Batraev, Novosibirsk/RU, I. Smurov, Saint-Etienne/FR, and A. Nikulina, Novosibirsk/RU�

Thermal Spray Processes – Plasma Spraying�

A TEM study of the bonded splat interface microstructure of plasma-sprayed YSZ coating .....................................989 �
E.-J. Yang, G.-J. Yang, C.-X. Li and C.-J. Li, Xi’an/CN�

Thermal Spray Processes – Suspension Spraying�

Tribological performance of nanostructured TiO2 coatings prepared by suspension HVOF spraying .......................994 �
F. F. Zhang, S. C. Wang, Southampton/UK, B. Robinson, London/UK, A. Tabecki, H. L. de Villiers-Lovelock, Cambridge/UK and  
R. J. K. Wood, Southampton/UK�

Use of aqueous inks derived from superfine powders for the development of YSZ plasma spray coatings ............. 999 �
I. Georgiopoulos, P. Oikonomou and C. Andreouli, Chalkida/GR�

Parametric study on coating development using perovskite solution precursor ........................................................ 1000 �
I. Georgiopoulos, Chalkida/GR, E. Marathoniti, N. Vourdas, Psahna/GR, C. Andreouli, Chalkida/GR, and  
V. Stathopoulos, Psahna/GR�

������	�
����
��
������
����
�




