
 

Investigations of Molecular Diffusion in FCC Catalysts  

P. Kortunova, S. Vasenkova, J. Kärgera, M. Fé Elíab, M. Perezb, M. Stöckerc, G. K. 
Papadopoulosd, D. Theodoroud, B. Dreschere, G. McElhineye, B. Bernauerf, V. Krystlf,M. 
Kočiříkg, A. Zikánovág, H. Jirglová g, C. Bergerh, R. Gläserh, J. Weitkamph, E.W. Hansenii

aUniversität Leipzig, Fakultät für Physik und Geowissenschaften, Linnéstr. 5, D-04103 
Leipzig, Germany. bCepsa Research Center, Picos de Europa, 7 Poligono Industrial San 
Fernando de Henares II, 28850 San Fernando de Henares, Spain, cSINTEF Materials and 
Chemistry, Department of Hydrocarbon Process Chemistry, P.O.Box 124 Blindern 
Forskningsveien 1, N-0314 Oslo, Norway, dNational Technical University of Athens, 
School of Chemical Engineering, 9 Heroon Polytechniou, Zografou Campus, Athens, 
GR-157 80, Greece, eGrace GmbH & Co. KG, In Der Hollerhecke 1, D-67545 Worms, 
Germany,  fInstitute of Chemical Technology, Technická 5, 166 28 Prague 6, Czech 
Republic, gJ. Heyrovský Institute of Physical Chemistry, Dolejškova 3, 182 23  Prague 8, 
Czech Republic, hUniversität Stuttgart, Institut für Technische Chemie, Pfaffenwaldring 
55, D-70550 Stuttgart, Germany, iDepartment of Chemistry, University of Oslo, P.o. Box 
1033 Blindern, N-0315 Oslo, Norway  

aUniversität Leipzig, Fakultät für Physik und Geowissenschaften, Linnéstr. 5, D-04103 
Leipzig, Germany. bCepsa Research Center, Picos de Europa, 7 Poligono Industrial San 
Fernando de Henares II, 28850 San Fernando de Henares, Spain, cSINTEF Materials and 
Chemistry, Department of Hydrocarbon Process Chemistry, P.O.Box 124 Blindern 
Forskningsveien 1, N-0314 Oslo, Norway, dNational Technical University of Athens, 
School of Chemical Engineering, 9 Heroon Polytechniou, Zografou Campus, Athens, 
GR-157 80, Greece, eGrace GmbH & Co. KG, In Der Hollerhecke 1, D-67545 Worms, 
Germany,  fInstitute of Chemical Technology, Technická 5, 166 28 Prague 6, Czech 
Republic, gJ. Heyrovský Institute of Physical Chemistry, Dolejškova 3, 182 23  Prague 8, 
Czech Republic, hUniversität Stuttgart, Institut für Technische Chemie, Pfaffenwaldring 
55, D-70550 Stuttgart, Germany, iDepartment of Chemistry, University of Oslo, P.o. Box 
1033 Blindern, N-0315 Oslo, Norway  

1. Introduction 1. Introduction 
The fluid catalytic cracking (FCC) process plays a key role in the production of fuels 

and important raw materials from crude oil. The process of conversion of crude oil to 
products depends not only on the catalytic activity of the catalysts, but also on diffusion 
in  the FCC particles, which determines the rate of mass transfer of reactants and products 
[1]. FCC-catalysts possess a hierarchical porous structure. Their transport properties are 
therefore interesting from both practical and fundamental points of view.  
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2. Experimental 2. Experimental 
Pulsed field gradient (PFG) NMR [2] 

has been applied to study molecular 
diffusion in industrial fluid catalytic 
cracking catalysts and in zeolite USY for 
a broad range of molecular 
displacements, which are essential for a 
detailed understanding of molecular 
transport in FCC catalysts, and 
temperatures. Typically, FCC catalysts 
consist of particles with sizes between 30 
and 100 micrometers. These particles 
contain zeolite crystals and the so-called 
“matrix” [3], which surrounds the 
crystals (Fig.1). 
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Fig.1: Schematic presentation of a particle of a 
typical FCC catalyst. The winding lines 
represent trajectories of the guest molecules. 

 The influence of diffusion in the zeolite micropores and in the meso- and macropores 
on the rate of the overall molecular transport in the FCC particles was investigated. The 
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extrapolation of the measured 
diffusivities associated with these two 
types of molecular motion for n-octane 
to typical FCC temperatures (Fig.2) 
shows that for these molecules the rate 
of the molecular exchange between the 
catalyst particles and their surroundings 
is primarily determined by the 
coefficient of intraparticle diffusion. The 
extrapolation to alkanes larger than n-
octane shows the same result. 

To confirm the relevance of this 
result for catalytic performance, we 
compared the catalytic activity of 
differently manufactured catalyst 
particles with their transport properties. 
In fact, we found a good correlation 
between the intraparticle diffusivities 
and the catalytic performance as 
assessed by the standard micro activity 
test (MAT) (Fig.3 and [4]). 

In order to clarify the mechanism of 
intraparticle diffusion several FCC 
catalysts with identical fractions of 
zeolite USY, but with different 
properties of the meso- and macropore 
system in the “matrix” were 
investigated. The intraparticle diffusion 
coefficients have been measured both for 
varying n-octane pressure at a fixed 
temperature and for varying temperature 
for a certain molecular concentration. In 
this way, within the model of “long-range” (i.e. intraparticle) diffusion, the improvements 
in the transport properties may be referred to their microstructural origin.  

 
Fig.2 Temperature dependence of the 
intraparticle diffusivity of n-octane in an FCC 
catalyst and the intracrystalline diffusivity of 
n-octane in large crystals of USY zeolite. 

 
Fig.3 Correlation between the intraparticle 
diffusivity of n-octane and catalytic 
performance expressed by the oil-to-gasoline 
conversion for the same catalyst-to-oil ratios. 

All the results of the present work demonstrate the potentials of optimising FCC 
catalysts via an optimisation of their transport properties.   

References 
[1] C.M.Bidabehere; U. Sedran, Ind. Eng. Chem. Res. 2001, 40, 530 
[2] P.T. Callaghan, Principles of NMR Microscopy; Clarendon Press: Oxford, 1991. 
[3] M.L. Ocelli, P. O'Connor, Eds. Fluid Catalytic Cracking V. Materials and 

Technological Innovations; Elsevier: Amsterdam, 2001. 
[4] P. Kortunov, S. Vasenkov, J. Kärger, et al.; J. Chem. Mat.; accepted 2004 

Diffusion Fundamentals 2 (2005) 97.1 - 97.2 2


	Investigations of Molecular Diffusion in FCC Catalysts  
	P. Kortunova, S. Vasenkova, J. Kärgera, M. Fé Elíab, M. Perezb, M. Stöckerc, G. K. Papadopoulosd, D. Theodoroud, B. Dreschere, G. McElhineye, B. Bernauerf, V. Krystlf,M. Kočiříkg, A. Zikánovág, H. Jirglová g, C. Bergerh, R. Gläserh, J. Weitkamph, E.W. Hanseni 
	1. Introduction 
	2. Experimental 
	References 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


