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From: Andy Jung

Sent: Thursday, March 08, 2007 5:57 PM

To: Gustavo Cragnolino

Cc: Yi-Ming Pan

Subject: RE: Teleconference with J Payer (lead, S & T) on Corrosion
Attachments: key issues_meeting_Joe Payer_rev00.doc

Hi Gustavo,

| prepared the key issue summary relating Long-term persistence passive film of Alloy 22. The summary will be
utilized for teleconference meeting tomorrow. Most issues have been raised at 2001 NWTRB meeting. Please
review this summary and give your feedback as soon as possible. Thanks,

Andy

From: Yiming Pan [mailto:ypan@cnwra.swri.edu]
Sent: Tuesday, March 06, 2007 5:24 PM

To: Corrosion Group

Cc: Sitakanta Mohanty

Subject: FW: Teleconference with J Payer (lead, S & T) on Corrosion

All,

The Center staff will meet in room Al137 this Friday (3/9/07) at 1:00 pm

central time.

Thanks,

Yiming

From: Tae Ahn [mailto:TMA@nrc.gov]

Sent: Tuesday, March 06, 2007 9:59 AM

To: Yi-ming Pan; James Rubenstone; Sheena Whaley; Tae Ahn

Cc: Brittain Hill; Bret Leslie; Mahendra Shah; Timothy McCartin

Subject: Teleconference with J Payer (lead, S & T) on Corrosion

Item Type: Appointment
Start Date: Friday, 9 Mar 2007, 02:00:00pm (Eastern Standard Time)
Duration: 2 Hours

Place: O03B2



Prasad Nair of BSC called me again. We will focus on Long-Term
Persistence of Passive Film. For deliquescence/localized corrosion, DOE
is preparing a response letter to NWTRB. Others are basically the same
as ongoing/summing up work. Actually, Jim has also suggested a
prioritization. Prasad will set the meeting tentatively from 2:00 to
4:00 pm (NRC), 3/9 (Friday). Please let me know if you have any

suggestion. Thank you, Tae
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Key Issue summary
(Long-term Persistence of Passive Film of Alloy 22)

1. Long-term stability and presence of a thin and conformal chromium oxide underlayer:

From the currently available short-term and 5+ year long-term experimental data, DOE assumed
that long-term stability of the passive film on Alloy 22 could be maintained by the formation of a
thin and conformal chromium oxide film with a sufficiently low general corrosion rate under the
potential repository conditions to ensure the lifetime of the waste packages.(Bechtel SAIC
Company, LLC, 2004, 2003). Primary finding from 5+ year long-term corrosion test facility is that
the metal-oxide does not thicken appreciably with time in mimic SAW, SCW and SDW at 90 °C,
however, the exact nature of the oxide could not be determined due to the interference from other
carbon and iron deposits from the tank lining dissolution and silicate scale (Orme, 2005).

2. Cr depletion:
One of potential degradation mechanisms on the risk-significance is chromium depletion

phenomena. DOE observed the lower Cr concentration (<20 at% from the AES results) at the
interface between the metal and the oxide film of Alloy 22 after short-term potentiostatic
polarization test (Orme, 2005). The lower Cr content at the interface can affect to the formation of
protective Cr-rich oxide film. In the event of film breakdown by any reason, the newly formed

oxide film may not have the same composition (i.e., lower Cr content) and/or structure (i.e., less
compact) as the original oxide film, which could increase the corrosion rate of Alloy 22. Lloyd et al.
(Lloyd, 2003) observed substantially higher passive current densities and lower overall Cr content
of the oxide on Alloy C-276 (Ni-16Cr-16Mo-4W-5Fe) comparing those on Alloy 22 (Ni-22Cr-
14Mo-3W-5Fe) in 1 M NaCl and 0.1M H,SO, at 85°C.

3. Anodic sulfur segregation:
Many literature data for Ni-based alloys showed an enhanced corrosion rate due to detrimental

effect of sulfur impurity in the alloys which segregates to the metal surface and inhibits the oxide
film formation (Marcus, 1995). Increased sulfur content from 2 at% to 5 at% on the metal surface
of Alloy 22 after 29 days immersion in NaCl solution has been also observed by DOE (Jones,
2006). Even if alloy additions such as chromium and molybdenum are known to counteract the
detrimental effect of sulfur in nickel by formation of molybdenum sulfides and chromium oxide,
respectively, the reported mean general corrosion rate of Alloy C-4 (Ni-18Cr-17Mo-3Fe) in NaCl-
rich brines containing 6X10™ M Na,S at 150°C was 510 nm/yr for 12-month test period, which
was about seven times higher than the corrosion rate in the absence of Na,S (Smailos, 1993).
Assuming that the sulfur content in Alloy 22 is 100 appm at a corrosion rate of 0.01 um/yr could
accumulate a monolayer of sulfur on the metal surface in 500 years if 100 percent of the sulfur
atoms is retained at the surface (Waste package Materials Peer Review Panel, 2002).



4. |Instability at high temperature or under wet dry conditions:
In dry conditions a thicker oxide is likely to be formed at higher temperature. A problem could be
the presence of a water layer with high concentration of salts at a relatively high temperatures. In

addition, the behavior of this thicker oxide is not known when further exposed to cool and humid
conditions. The lack of data makes it difficult to make a rational comparative analysis of the two
situations.

5. lon sorption through corrosion products and development of large cathodic surface area:
Detrimental synergisms from the simultaneous enrichment of anions such as ClI- and F- from the

electrolyte on the waste package surface by sorption process of anion into the passive layer itself
has been identified as a possible detrimental effect on the long term passivity. The gradual
development of a deposited outer hydroxide layer on top of the passive film will promote localized
corrosion at potentials below crevice repassivation potential. Suleiman et al [1994] observed
anion selective sorption with iron rust membrane to stabilize pitting in 304L stainless steel.

Surface area increases by roughening would also increase overall cathodic efficiency. In the
presence of large surface area of semiconducting corrosion products, passive dissolution of metal
can be accelerated to be balanced with the increased cathodic reaction.

6. Increased cathodic kinetics:

The production of H202 and other products by radiolysis from gamma radiation and other
reducible species (i.e., O2, Fe3+) can results in an increased passive dissolution by increasing
cathodic kinetics and possible degradation of passivity. There is no evidence that radiation
damage of the passive film of Alloy 22 will alter its protective properties.

7. Film spallation by vacancy accumulation at metal-oxide interface:

Another issue is a film breakdown due to void formation at metal/film interface by accumulation of
cation vacancies during long-term exposure at elevated temperature, as assumed the point
defect model as a principal mechanistic model. This void formation leads to mechanical spalling
of the passive film and could affect the long-term stability of the passive film by increasing the
effective general corrosion rate of Alloy 22 by surface roughening.



List of references
Bechtel SAIC Company, LLC. “General Corrosion and Localized Corrosion of Waste Package
Outer Barrier”, ANL-EBS-MD-000003, Rev 02, October 2004.

Bechtel SAIC Company, LLC. “Technical Basis Document No. 6: Waste Package and Drip
Shield Corrosion.” Rev. 1. Appendix N, Las Vegas, Nevada: Bechtel SAIC Company, LLC.
2003

Jones, R. H. Don Bare and Chuck Windisch “Sulfur Enrichment on Alloy 22.” Presentation to
Nuclear Waste Technical Review Board Workshop on Localized Corrosion, September 25-26,
Las Vegas, Navada, 2006.

Lloyd, A. C., D. W. Shoesmith, N. S. McIntyre and J. J. Noel. “Effect of temperature and potential
on the passive corrosion properties of Alloy 22 and C276", J. Electrochem. Soc. Vol.150 (4)
B120-B130, 2003.

Marcus, P., “Long Term Extrapolation of Passive Behavior”, Proceedings from the International
Workshop on Long term Extrapolation of Passive Behavior, Arlington, Virginia, July 19-20, 2001.
A. A. Sagues and C. A. Di Bella, eds. Arlington, Virginia: U. S. Nuclear Waste Technical Review
Board. pp.55, 2001.

Marcus, P. “Sulfur-Assisted Corrosion Mechnaisms and the Role of Alloyed Elements”, Corrosion
Mechanisms in Theory and Practice., P. Marcus and |. Olefjord, eds. New York City, New York:
Marcel Dekker., pp.239-263, 1995.

Orme, C.A. “The Passive Film on Alloy 22", Lawrence Livermore National Laboratory, UCRL-TR-
215277, 2005.

Smailos, E. “Corrosion of High-Level Waste Packaging Materials in Disposal Relevant Brines”,
Nuclear Technology, Vol.104, pp343-350, 1993.

Suleiman, M.1,, I. Ragault and R.C. Newman. Pitting of stainless steel under a rust membrane at
very low potentials. Corrosion Science. Vil.36. pp.479-486. 1994




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


