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Topic and relevance 

The Doctoral Thesis submitted by Mr. Tesař comprises of seven chapters, followed by References list and an 
appendix with authors’ publications lists, spanning 108 pages in total. The topic of the thesis is based on 
four peer-reviewed papers submitted in international, well-impacted journals with Mr. Tesař as first author 
and main investigator. It is worthy to notice, that Mr. Tesař is co-author of ten peer-reviewed papers which 
are not directly related to the thesis. This denotes his high interest for different aspects of suspension and 
solution spraying, but unfortunately it cannot be established what was the personal contribution of Mr. 
Tesař in these publications. A more detailed discussion in the Section 5.5 would have been advantageous. 
References list contained only 78 citations which in reviewer’s opinion is quite short for a PhD Thesis. 

Thermal spraying with liquid feedstocks is a new emerging technology showing currently an increasing 
interest and high relevance for both scientific community and industry. With liquid thermal spraying, tailored 
coatings with desired properties can be achieved and thus new applications of these coatings are expected. 
Nonetheless there is still great need in the development of cost-effective, functional coatings with high 
deposition efficiency by means of liquid thermal spraying. Mr. Tesař focuses the work of his thesis on alu-
mina and chromia-doped alumina coatings obtained by means of intermixing suspensions of fine powders, 
intermixing of solutions precursors and using a new concept of hybrid spraying by simultaneous deposition 
of suspensions and dry coarse powders, aiming to functional coatings with increase content of α-Al2O3 
phase. Efforts have been devoted in the understanding of parameters affecting the liquid-plasma interac-
tion, coating built-up mechanisms and finally the coating properties and their functional performances.  

In the first part of the thesis, the current state-of-the-art of the plasma spraying with spray powders and 
liquid feedstocks, as well the plasma-jet-liquid interactions were briefly described. An inert carrier gas (Ar, 
N2) is used to feed the spray powders in the plasma jet; using air or Ar+H2 (Section 1.3) can result in the 
chemical modification or reactions of sensitive spray powders.  With liquid feedstocks very fine raw powders 
(from nanometers to several micrometers) can be fed in the plasma; the formulation of an appropriate 
suspension or solutions suitable for spraying is one of the major key parameters in the liquid spraying, which 
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needed to be more extensively described. Recent literature related to different aspects in the development 
of suspensions / solutions could not be found in the thesis. Al2O3 is one of the most studied materials in the 
literature, but the literature study for both conventional and suspension-sprayed Al2O3-based coatings is 
here very limited.  

 

Methods  

The hybrid water-stabilized plasma (WSP) torch, developed at the Institute for Plasma Physics in Prague was 
used to spray both the powders and liquid feedstocks; this is a new approach when compared to the gas-
stabilized plasma torches, which are mainly employed to produce SPS and SPPS coatings. During coating 
spraying, the substrate temperature was continuously monitored. For mostly of the spray trials, shadow-
graphy imaging was used as tool to visualize and to optimize the liquid penetration into the plasma jet.   

Commercial available ready-to-spray suspensions and in-house-made water- and ethanol-based suspen-
sions/solutions precursors were employed as liquid feedstocks. The liquid feedstocks were fed into the 
plasma jet from a custom-built pressure-based liquid feeder. The effects of particles sizes, solid content / 
concentration of the precursor, liquid media, and presence of the stabilizers on the properties of the sus-
pensions / solutions were evaluated. The feedstocks were characterized in terms of sedimentation evolution 
with time and viscosity measurements at different shear rates. The reviewer missed measurements and 
results concerning the particle sizes distribution, pH value, Zeta-potential, which are mandatory for suspen-
sion development.    

The microstructure of the sprayed coatings was characterized in metallographically prepared cross-section 
and top surfaces (free surfaces) using optical microscopy and SEM. Image analysis was used to determine 
the porosity. Phase and chemical compositions were evaluated by XRD and NMR. Chemical analysis of alu-
mina-chromia coatings was analyzed by means of XRF. For selected coatings Vickers hardness, tensile ad-
hesion strength and wear resistance tests were used to evaluate their mechanical properties. Thermo-
chromic behavior of alumina-chromia coatings obtained from solutions precursors during heating-cooling 
cycling was monitored by temperature-resolved colorimetry. Because one of the goal of the thesis was to 
produce Al2O3 with high content of corundum phase (α-Al2O3), measurements of the electrical / insulating 
properties of the sprayed coatings, as well as the corrosion resistance were highly expected.  

 

Goal achievement  

The main objective of the thesis is a contribution to the development of the alumina-based coatings with 
high content of corundum, low porosity and high deposition rate, as well as in the understanding of the 
coating buildup via liquid spraying. The microstructural features of the coatings could be correlated to the 
feedstock formulation. Contrary to expectation, i.e. coatings prepared by GPS-torches, dense alumina coat-
ing with outstanding mechanical properties was prepared from a custom-made ethanol-based suspension, 
whereas extremely porous and soft coating with high fraction of α-phase resulted from solution precursor 
(Paper I). Using three different suspensions in terms of particle sizes, solid material and content, solvent Mr. 
Tesař emphasized the key role of the atomization of the suspension which determines the final size of the 
impinging melt particles (Paper II). However the suspension atomization in the plasma jet is strongly influ-
enced by suspension characteristics i.e. material, solid content, solvent, viscosity, surface tension, or latent 
heat. Unfortunately Mr. Tesař does not provide a discussion regarding the relationship of the suspension 
properties on the interaction plasma jet – suspension. 

The stabilization of the thermodynamically stable α-phase in the dense chromia-doped alumina coatings 
was achieved using concepts based on the injection of hybrid feedstock (powder + suspension) and inter-
mixed liquids (suspension + suspension; suspension + solution) in the plasma jet (Paper III) . “Foamy” full 
intermixing alumina-chromia coatings with reversible thermochromic behavior were prepared for the first 
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time by SPPS (Paper IV). An improvement of the mechanical stability of these coatings is mandatory in order 
the coatings to be applied for real components.   

The main objective is achieved. 

 

Scientific value and overall evaluation  

The thesis makes significant contribution to the development of ceramic oxide coatings prepared by new 
thermal spray processes. With WSP-H torch and liquid feedstocks new possibilities in the tailoring of the 
coating properties have been demonstrated. There are important achievements in this work, especially for 
the in-situ alloying and stabilization of the α-phase. Mechanical stability of solutions-intermixed coatings are 
still weak, but it is clear that this thesis represent only the initial step of a long-term development. For further 
work the evaluation of the electrical insulating and corrosion resistance properties of suspension / solutions 
coatings is highly recommended.  

Mr. Tesař has demonstrated the ability to perform research and to deliver scientific results applicable in the 
field of material science and thermal spraying. I do recommend the thesis for presentation and defense with 
the aim of receiving the Degree of PhD. 

 

 

 

 

Dresden, October 28, 2021 

 

 

Dr. Filofteia-Laura Toma 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2021-10-28T18:28:21+0200
	Filofteia-Laura Toma




