Materials in Clean Power Systems:
Applications, Corrosion, and Protection



Materials in Clean Power Systems:
Applications, Corrosion, and Protection

Edited by
Z. Gary Yang
K. Scott Weil
Michael P. Brady

Symposium Sponsored by
the Corrosion and Environmental Effects Committee of
the Structural Materials Division (SMD) of
TMS (The Minerals, Metals & Materials Society)

Held during the
TMS 2006 Annual Meeting in
San Antonio, Texas, USA
March 12-16, 2006

A Publication of

TIMS



A Publication of TMS (The Minerals, Metals & Materials Society)
184 Thorn Hill Road
Warrendale, Pennsylvania 15086-7528
(724) 776-9000

Visit the TMS web site at
http://www.tms.org

Statements of fact and opinion are the responsibility of the authors alone and do not imply an opinion on
the part of the officers, staff, or members of TMS, The Minerals, Metals, and Materials Society. TMS
assumes no responsibility for the statements and opinions advanced by the contributors to its
publications or by the speakers at its programs. Registered names and trademarks, etc., used in this
publication, even without specific indication thereof, are not be considered unprotected by the law.

No part of this book may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording, or otherwise, without written
permission from the publisher.

Printed in the United States of America
Library of Congress 2006920379
ISBN: 978-0-87339-621-9

Authorization to photocopy for internal or personal
use beyond the limits of Sections 107 and 108 of
the U.S. Copyright Law is granted by TMS,
provided that the base fee of $7.00 per copy is paid
directly to the Copyright Clearance Center, Inc.,
222 Rosewood Drive, Danvers, MA 01923 USA,
www.copyright.com. Prior to photocopying items
for educational classroom use, please contact the
Copyright Clearance Center, Inc.

For those organizations that have been granted a
photocopy license by the Copyright Clearance
Center, a separate system of payment has been
arranged.
Copyright 2006, The Minerals, Metals, and
This consent does not extend to copying items for Materials Society. All rights reserved.
general distribution or for advertising or
promotional purposes or to republishing items
whole or in part in any work in any format.

Please direct republication or special copying
permission requests to the Copyright Clearance
Center, Inc., 222 Rosewood Drive, Danvers, MA
01923 USA; (978) 750-8400; www.copyright.com.

If you are interested in purchasing a copy of this book, or if you would like to receive the latest TMS
publications catalog, please telephone (800) 759-4867 (U.S. only) or (724) 776-9000, EXT. 270.




Table of Contents

Hydrogen Transport and Separation

Co-Synthesis of Mixed Conducting Composites for Hydrogen Separation:

Compositional ConSIAETAtIONS ........ccuveruiieriierieeiieiieeteesteeeteetee e eteeebeebeesereeseesnseenseenenes

J.S. Hardy, N.L. Canfield, J.V. Crum, A. Bandyopadhyay,
K.S. Weil, and L.R. Pederson

Hydrogen Separation, Delivery, and
Materials Issues in Clean Power Plants

Inorganic Membranes for Energy-Related Gas and Water Purification............ccccceevveennen.

H. Venveij

Hydrogen-Rich Gas Production From Gasoline in a Short Contact Time Catalytic

REACIOT ..o et e e et e et s e et e e e et e et e eraaas

L. Bobrova, 1. Zolotarsky, V. Sadykov, and V. Sobyanin

Corrosion in Clean Coal
Power Plants and Fuel Cells

Deposition of Al-Si Metallic Coating Precursor on Mo-Si-B Turbine Materials.................

J.E. Jackson, D.L. Olson, B. Mishra, and .M. Solomon

Anomalous Oxidation of Ferritic Stainless Steels in Air/Hydrogen Fuel Dual

ERVITONIMENTS ..o,

Z. Yang, P. Singh, J.W. Stevenson, and G.-G. Xia

Interconnection and
Sealing in Fuel Cells I

Oxidation Behavior of Fe-Cr-Al Alloy: Metallic Interconnects for Solid Oxide Fuel

(OS] U I o) 0] HTo7: 1510 ) s OSSPSR

V. Kamavaram, Q. Zheng, and R.G. Reddy

Effect of Ceramic Coating on Chemical Stability of a Composite Seal for Solid

OXIAE FUET CIIS et e e e e e e e e e e e aaenennsmnnsmnn

S. Narasimhan, K. Ridgeway, and X. Huang



Interconnection and
Sealing in Fuel Cells 11

Development of (Mn,Co)3;04 Protection Layers on Ferritic Stainless Steels for

SOFC Interconnect APPIICATIONS .......eeuvieiuieeiieiieiieeitie ettt sttt et e et e st e e bt e sbeeebeesbeeebeenseesaeeas 81
Z. Yang, X. Li, P. Singh, J.W. Stevenson,
G. Xia, and X. Zhou

Interconnection and
Sealing in Fuel Cells II1

Effect of Cathode and Electrolyte Transport Properties on Chromium Poisoning in
Solid OXide FUEL CellS ....eouiiiiiiiiiiiiiiiceee ettt e 93
J.W. Fergus

AUTNOT TAEX .o e e e e e e e e e et ae e e e e e e e e e e aeeeeeeeeanenaaaeseaeeaes 103

SUDJECE INACK ..ttt ettt e b e st e esbeessbeeaseesaseesseessseensaensseenseennes 105

vi



B

Bandyopadhyay, A., 3

Bobrova, L., 25

C
Canfield, N.L., 3
Crum, J.V., 3

F
Fergus, J.W., 93

H
Hardy, J.S., 3
Huang, X., 71

J
Jackson, J.E., 39

K
Kamavaram, V., 61

L
Li, X., 81

M
Mishra, B., 39

N
Narasimhan, S., 71

(0]
Olson, D.L., 39

Author Index

103

P
Pederson, L.R., 3

R
Reddy, R.G., 61
Ridgeway, K., 71

S

Sadykov, V., 25

Singh, P., 49, 81
Sobyanin, V., 25
Solomon, I.M., 39
Stevenson, J.W., 49, 81

\%
Venveij, H., 15

W
Weil, K.S., 3

X
Xia, G., 49, 81

Y
Yang, Z., 49, 81

Z

Zheng, Q., 61
Zhou, X., 81
Zolotarsky, 1., 25



C

Cathode Poisoning, 93
Cerate, 3

Cermet, 3

Chemical Compatibility, 71
Colloidal Processing, 15
Composite, 3

Composite Seal, 71

F
Fe-Cr-Al Alloy, 61

G
Gas Separation, 3, 15
Gasoline, 25

H
Hydrogen, 3

I

Interconnect, 49, 71, 81
Interconnect Oxidation, 93
Ionic Conduction, 3

M
Membrane(s), 3, 15
Monolith Reactor, 25

Subject Index

105

N
Nanoscale, 3
Nickel, 3

o
Oxidation, 61

P
Percolation, 3
Proton, 3

S

Sealing Glass, 71

Solid Oxide Fuel Cell (SOFC), 49, 61,
71, 81,93

Spinel Coating, 81

Stainless Steel, 49, 81

Syngas, 25

Synthesis, 3

T
Thermal Cycling, 61

W
Water Purification, 15




<<
  /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


