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KORROSIONSTESTS AN 

KERAMIKEN FÜR TRIEBWERKE 

Keramiken werden bereits erfolgreich in 

den Hochtemperaturbereichen der Gastur-

binentechnologie eingesetzt. Aufgrund  

ihrer geringen Dichte und den hervorragen-

den Eigenschaften bei Temperaturen bis 

1500 °C werden sie immer häufiger in 

Flugzeugtriebwerken angewandt. Die junge 

Werkstoffklasse der keramischen Faserver-

bundwerkstoffe (Ceramic Matrix Composi-

tes, CMCs) findet dabei besondere Beach-

tung. Liner (zur Brenngasführung) sowie 

statische und rotierende Schaufeln könnten 

zukünftig aus CMCs bestehen.  

Korrosion bei hohen Temperaturen 

Neben Schädigung durch Oxidation bewirkt 

Wasserdampf, welcher in der Luft enthal-

ten ist und bei der Verbrennung des Treib-

stoffs entsteht, bei vielen Keramiken einen 

stetigen Materialabtrag. Diese sogenannte 

Heißgaskorrosion führt besonders in Lang-

zeitanwendungen zum Verlust der mecha-

nischen Integrität. Häufig gelangen auch 

Sand oder Vulkanasche in den Heiß-

gasstrom. Dadurch werden viele Materia-

lien oder Schutzschichten chemisch ange-

griffen, was deren Lebensdauer drastisch 

reduziert. 

Korrosionstests 

Um bestehende Materialien auf ihre Be-

ständigkeit zu prüfen oder neue korrosions-

stabile Materialien zu entwickeln, werden 

diese in einem speziellen Teststand der kor-

rosiven Atmosphäre bei hohen Strömungs-

geschwindigkeiten ausgesetzt und deren 

Masse- und Gefügeveränderungen unter-

sucht. Neben wasserdampfhaltigen Brenn-

gasen kann dabei auch der Einfluss von 

Vulkanasche oder Sanden (CMAS, Calcium-

Magnesium-Aluminium-Silikat) untersucht 

werden: 

- Temperatur: 950 °C bis 1450 °C

- Gasstrom: 50 m/s bis 100 m/s 

- Wasserdampf: 12 % bis 30 %
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1 Korrosions-Teststand. 

2  Schematische Darstellung der Masse- 

änderung. 

3 Strömungskanal des Probenhalters mit 

versetzt angeordneten Proben. 

4 Selektive Korrosion an der Oberfläche von 

Al2O3/YAG. 

5 Korrosionsschutzschicht auf einem SiC/SiC 

keramischen Faserverbundwerkstoff zur Ver-

meidung des korrosiven Angriffs. 
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CORROSION TESTING ON 

CERAMICS FOR TURBINES 
 

 

Ceramics are already used successfully in 

the hot sections of gas turbine technology. 

Due to their low density and excellent pro-

perties at temperatures up to 1500 ° C, 

their use considerably increases for aircraft 

engines. The relatively new class of ceramic 

matrix composites (CMCs) is receiving spe-

cial attention. In future, liners (for fuel gas 

guidance) as well as static and rotating 

blades could consist of these materials. 

Corrosion at high temperatures 

Besides oxidation-induced damage, water 

vapor, which is contained in the air and is 

produced during the combustion of the 

fuel, leads to a continuous material removal 

in many ceramics. This so-called hot-gas 

corrosion causes the loss of mechanical in-

tegrity, especially in long-term applications. 

Furthermore, sand or volcanic ash often 

gets into the hot gas stream. As a result, 

many materials or protective layers are  

chemically attacked and consequently their 

lifespan is drastically reduced. 

Corrosion testing 

In order to examine existing materials for 

their durability or to develop new materials 

for protection against corrosion, they are 

exposed to the corrosive atmosphere at 

high flow velocities in a specific test rig. 

Mass and microstructural changes are ana-

lyzed to qualify the hot gas stability. In  

addition to water vapor-containing fuel  

gases, the influence of volcanic ash or sand 

(CMAS, calcium-magnesium-aluminum- 

silicate) can be investigated: 

- Temperature: 950 °C to 1450 °C

- Gas velocity: 50 m/s to 100 m/s

- Water vapor: 12 % to 30 %

1 High-temperature burner-rig. 

2 Schematic graph of the mass change. 

3 Flow channel of the specimen holder with 

offset alignment of specimens. 

4 Selective corrosion at the surface of 

Al2O3/YAG. 

5 Environmental barrier coating on a SiC/SiC 

ceramic matrix composite to avoid corrosive 

attack. 

Fraunhofer Institute for Ceramic 

Technologies and Systems IKTS 

Winterbergstrasse 28 

01277 Dresden, Germany 

Contact 

Willy Kunz 

Phone +49 351 2553-7243 

willy.kunz@ikts.fraunhofer.de 

www.ikts.fraunhofer.de 

4  5  

621-W-19-2-4

 80 μm 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [1108.346 1567.559]
>> setpagedevice


