
United Dynamics Corporation 

UDC  was  established  in  1979  and  has  since 
been  an  industry  leader in  boiler   inspection, 

software  products,  and  high  quality  educational  services. 
UDC  and  it’s  staff  provide  absolutely  uncompromised 
levels  of  expertise,  top  quality  service  and  products  for  
companies within  the  industry who aspire    to achieve  the 
most  effective  efficient  results  possible.   We  specifically  
tailor our  in‐plant training  program to fit  your operation.  
UDC specialist arrive at your location in our training lab on 
wheels.  This  lab  provides  visual  samples  of  actual  tube 
failures and couples them with extensive experience   from 
the UDC team  inspectors yielding  results of the most com‐
prehensive,  interactive  classroom  experience    available 
anywhere today. This experience places you and your plant  
on  the    forefront of    the    industries    current    technology. 
Why  wait?  Contact  UDC  today  and  schedule  your  team 
conference. 

In‐Plant Training  

(502)957‐7525 
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OIL ASH CORROSION 

  Oil  ash  corrosion  typically occurs with  fuel 
oil that is contaminated with a combination of sulfur, 
sodium, potassium, and/or vanadium. The resulting 
molten  salts  (slags)  dissolve  the  surface  oxide  and 
enhance    transportation  of  oxygen  to  the  surface     
re‐forming  the  iron oxide at  the expense of  the  tube 
wall and or component. The liquid species of oil ash 
are  mixtures  of  vanadium  pentoxide,  and  sodium 
oxide,  or  vanadium  pentoxide,  and  sodium  sulfate 
so melting points below 1000ºF  (538ºC) are possible 
depending  on  the  precise  composition.  Critical     
factors of oil ash  corrosion  include  concentration of 
molten  salt  forming  contaminants,  any metal  tem‐
peratures.  Reducing  conditions  will  exacerbate  oil 
ash corrosion. Alternate oxidizing and reducing con‐
ditions are not proven to be of any benefit in reduc‐
ing oil ash corrosion.  

  The  appearance  of  the  oil  ash  deposit  is 
found in at least two distinct layers for superheaters 
and   reheaters. The  important deposit  is adjacent  to 
the component and will appear dark gray or blackish 
at  room  temperature.   The  liquid  sulfates  sinter  the   
corrosion  debris  to  the  surface  of  the  tube  and  a 
hard,  glassy,  tenacious  scale  is  formed.  When       

removed,  the  surface  of  the  steel  will  have  an 
“alligator  hide”  appearance  formed  as  shallow 
grooves have penetrated the steel in a cross hatched 
pattern.  

  The  oxide  that  forms  during  oxygen‐rich 
cycles  is reduced or made  less sound during  the re‐
ducing part of  the  cycle. Each  cycle of  scale  forma‐
tion and removal reduces the wall thickness until the 
boiler  tube  is  too  thin  to  contain  the  fluid pressure, 
and failure occurs. The actual cause of the wastage is 
the rapid oxidation of clean, unprotected steel. 

  Corrosion on the higher‐temperature regions 
of  the  superheater  tubes  depends  on  the  fuel  and 
impurities in the fuel. The culprits that lead to rapid 
corrosion  wastage  for  oil‐fired  boilers  are  ash        
constituents  of  vanadium,  sodium,  and  sulfur.       
Impurities   and    the   compounds    they    form cause 
corrosion  and  are  exacerbated  by  the  addition  of      
chlorine. Seawater in oil that is transported in ocean‐
going vessels will find a way to the ash deposits after 
combustion.  The  most  serious  form  of  fire‐side     

corrosion develops when  low melting‐point  species 
of  sulfur  (and  chlorine)  form  at  the operating        
temperatures. The  “bad  actors”  for oil‐fired boilers, 
are  sulfates.  The  low  melting‐point  sulfur         
compounds  that  form  depend  on  the  furnace        
location of the component affected. For superheaters, 
the liquid species are the sodium and potassium iron 
trisulfates,  which  have  melting  points  between 
1030°F and 1130 °F, depending on the atomic  ration 
of  sodium  and  potassium.  It might  be  pointed  out 
here  the  volumes  of  these  liquid  species  may  be 
small,  only  a  few  percent  of  the  total  ash  volume.  
The  low melting‐point  chlorides may  have melting 
temperatures as low as 550° F for fuels with chlorine. 
In  oil‐fired  boilers,  vanadium  pentoxide,  sodium 
oxide, and sodium sulfate form liquids which melt at  
temperatures  of  about  1000°F,  dependant  on  the 
composition.  The  corrosion  mechanism  is  similar 
regardless  of  the  low  melting‐point  species  that 
form.  The  protective  iron  oxide  dissolves  in  these 
sulfate,  vanadate,  and  chloride  liquids.  The  metal    
re‐forms an oxide; and the wastage rate is perhaps in 
an  order  of  magnitude  faster  than  without  low‐
melting point species.  



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


