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Tidbits 
Did You Know? 

David N. French Metallurgists is a 
Woman Owned Enterprise! 

A number of our clients may be unaware of the 
fact that we are a Woman Owned Enterprise. To-
day, many companies are required to contract  
for services with a percentage of company’s an-
nually which are Minority Owned Enterprises or 
Woman Owned Enterprises. David N. French Met-
allurgists may be just the right avenue for fulfill-
ing your organizational percentage requirements. 
Laurie L. Cavote, our President, has industry re-
lated experience of over 27 years. She is active in 
the daily operations of not only one but two suc-
cessful corporations which operate under her di-
rection,  with the utmost  integrity of services and 
customer satisfaction. One more great reason  
David N French Metallurgists is the best choice for 
all your metallurgical service solutions. 
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Caustic Attack 
Caustic attack or caustic gouging of carbon 
steel occurs as a result of: 
1. An upset in boiler chemistry in which too 

much caustic (NaOH) is added. 
2. Steam blanket formation on the fire side  
      of the furnace-wall tube that concen-   
      trates the hydroxide so that metal  
      attack can occur. 
   Caustic could concentrate if the rate of 
bubble formation exceeds the rate at which 
the tube is washed off.  Alternatively, caus-
tic can accumulate if heavy corrosion depos-
its increase the temperature of the wall un-
derneath the deposit and allow hydroxide to 
concentrate there. Conditions for caustic 
attack are most likely to be present in zones 
of high heat flux where waterside flow is 
slowed by:                                                     

• deposit accumulations 
• flow disruptions like backing rings 

at butt welds or weld penetrations  
      where flow separation from the  
      wall may occur and departure-    
      from-nucleate-boiling (DNB) can   
      develop in a small area 
• flow in horizontal tubes 



Topic Ideas ?   
Please email inquiries@davidnfrench.com 

View From The Penthouse 
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Dr. David N. French                                                                           CAUSTIC ATTACK Dr. David C. Crowe 

Caustic attack in a furnace division  
wall tube at a burner elevation  

Mechanism 
    Caustic removes the protective magnetite film by 
the reaction:  
   4 NaOH + Fe3O4 = 2 NaFeO2 + Na2FeO2 + 2 H2O 

    With the protective magnetite removed, the bare 
steel reacts via:     

Fe + 2 NaOH -> Na2FeO2 + H2 

    At the recent NACE Corrosion 2007 conference, 
Shalaby (Paper 07453) concluded that the first step  
in caustic attack is that the magnetite loses its protec-
tive nature as a result of localized high heat flux. A 
non-protective, porous magnetite scale forms by reac-
tion of the steel and oxygen-bearing species. Growth 
of the scale at the metal surface in turn causes fur-
ther increase in the heat transfer resistance across 
the tube wall. That non-protective scale presents an   
environment for concentration of hydroxide. This  
description does not depend on DNB to concentrate 
caustic and break down the magnetite. Rather, the 
high heat flux causes the magnetite form to be    
non-protective. 

Appearance 
    Caustic gouging results in shallow, usually hemi-
spherical, depressions in the tube surface that are 
shiny and fairly smooth, sometimes with an undulating 
appearance. In the case of under-deposit attack by 
caustic, hard deposits are frequently present but often 
are washed off by the time the tube is removed for 
failure analysis. The deposits are layered, and may 
contain sodium ferroate or ferroite crystals.  The fail-
ure will occur at an area thinned by corrosion, and the 
fracture edges will be thinned. No microstructural deg-
radation is associated with this type of corrosion. 
    Often, nickel oxides and copper are observed in 
gouged areas. These metals originate from corrosion 
of condensers and are deposited on the outside of iron 
oxides as they are reduced through oxidation of iron. 

Boiler Chemistry 
    Caustic may be added intentionally for pH control 
under caustic treatment, or as part of all-volatiles or 
phosphate water treatment plans, but at unintention-
ally excessive concentrations. Over use may also occur 
during start-ups. Caustic gouging will not usually occur 
under congruent phosphate treatment. Caustic may be 
accidentally added from regeneration of ion exchange 
resins in the condensate polisher or demineralizer.  
Under unusual conditions, there may be in-leakage of 
process chemicals. Once the caustic is in the system, it 
may be concentrated by deposits or steam blanketing. 

Prevention 
1. Good Water Chemistry – Maintain the caustic at 

low levels consistent with the water treatment 
strategy and the pressure of the boiler. Testing 
and control procedures should be implemented as 
needed. Ensure that process in-leakage cannot 
occur. 

2. Clean Waterside – Chemical cleaning may be nec-
essary to remove heavy deposits underneath 
which caustic corrosion occurs. Analysis of water-
side deposits and measurement of deposit weight 
density is recommended to track this before prob-
lems occur, and David N. French Metallurgists of-

fers this as a service. 
3. Minimize High Heat Flux - Review firing practice 

in areas with problems. Burner alignment or  
      control may need to be improved, or firing  
      practice modified. 
4. Good Circulation - Improve water flow in low  
      flow tubes. 

Inspection and Repair 
    The extent of damage from caustic should be  
determined if a failure occurs. Ultrasonic thickness 
surveys will aid in identifying areas which have  
suffered corrosion. Areas of high heat flux should 
receive focused inspections. Scanning methods to 
identify thin spots must be used instead of point-by-
point measurements which could miss the problem. 
    Repairs have to be done carefully to avoid  
heating adjacent areas that may be contaminated 
with caustic. If heated during welding, contaminated  
areas could experience caustic stress corrosion  
cracking. Pad welding should never be performed, 
and window welds must be avoided in these  
circumstances. Careful cleaning adjacent to the  
weld, thorough inspection to make sure that any 
cracking is removed, and good weld practices are  
very important to avoid subsequent problems. 

 
 

April 2006 
Dr. David C. Crowe Dr. David N. French 

 

Cross-section of caustic attack 



<<

  /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



