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Anticipated catalyst stability issues: redox stability and sulphur tolerance

Redox stability
HTS catalysts active as Fe3O4, could be oxidised (H2 removal) or reduced (CO2 removal):

2 Fe3O4 + H2O = 3 Fe2O3 + H2           Fe3O4 + CO = 3FeO + CO2

Thermodynamics predicts no stability problems even for high recovery of H2 or CO2 since,
with H2O/CO=2 and at 450°C:
•  [H2O]/[H2] = 113 (eq. at 99% H2 recovery) Fe3O4 is stable for [H2O]/[H2] < 24·103       [1,2]
•  [CO2]/[CO] = 7.8 (eq. at 99% CO2 recovery) Fe3O4 is stable for [CO2]/[CO] > 0.62   [1,2]

Sulphur tolerance is expected to be a big issue for noble metal, not for HTS catalysts [1,3]

Conclusions

• All catalysts deactivate in clean test.
• HTS catalysts and sulphur-tolerant

noble metal (NM2) retain significant
activity with 20 ppmv of H2S.

• Poisoning is reversible as all catalysts
significantly regain in activity on removal
of H2S.

• HTS2 retains a higher activity than HTS1
in the presence of H2S, possibly due to
the absence of CuO in HTS2.

Membrane assisted water-gas shift reactor

• Water-gas shift reaction (WGS): CO + H2O = CO2 + H2           (ΔH0 = -41 kJ/mol)
• Following coal gasification, standard desulphurisation, and pre-shift
• Reactor equipped with either a CO2-selective or a H2-selective membrane

• Process conditions: P = 25 bar; T = 400–450°C; H2O/COinlet = 1.9 mol/mol; 20 ppmv H2S
• Possible catalysts:

• Commercial HTS (Fe2O3-Cr2O3-based) HTS1 & HTS2 (with and without CuO)
• Commercial noble metal NM1 & NM2 (standard and sulphur tolerant)

Stability measurements: CO conversion at 400°C

•  10% CO, 19%H2O, 20% CO2, 20% H2, 31% N2; GHSV 30,000 hr-1 (HTS) or 70,000 hr-1 (5% w/w NM diluted in alumina).
•  Deactivation at 450°C, intermittently measuring activity at 400°C.
•  20 ppmv of H2S added from 25 hours to 185 hours on stream in 2nd experiment.

C
O

 c
on

ve
rs

io
n 

[-]

0%

10%

20%

30%

40%

50%

60%

0 50 100 150 200
Time on stream [hours]

HTS1
HTS2
5% NM1
5% NM2

-0.011 %pt./hr

-0.027 %pt./hr 

-0.001 %pt./hr

-0.032 %pt./hr

Slopes at
175-200 hrs

[1] Lloyd, L.; Ridler, D. E. & Twigg, M. V. (1989) Chapter 6, The Water-Gas Shift Reaction, In Catalyst Handbook, ed. M. V. Twigg, Wolfe, London, pp. 283-339.
[2] Bale, C. et al. (2007) FactSage 5.5, Thermfact / GTT-Technologies, Montreal/Aachen.
[3] Swartz, S. L. et al. (2006) Catalyst Strategies for Fuel Cells Operating with Hydrocarbon Fuels, 232nd American Chemical Society Meeting, San Francisco, CA.

0%

10%

20%

30%

0 50 100 150 200
Time on stream [hours]

C
O

 c
on

ve
rs

io
n 

[-]

HTS1
HTS2
5% NM1
5% NM2

20 ppmv H2S added

The authors gratefully acknowledge the
GCEP sponsors for financial support.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (GWG_GenericCMYK)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14172.000 14172.000]
>> setpagedevice


