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Abstract: Spatiotemporal operando DRIFTS spectroscopy combined with gas phase analysis (MS and IR) 
was developed and utilized to study NOx storage-reduction (NSR) catalysts. It is revealed that unique roles of 
each component (PGM and/or NOx storage material) led to distinct NO oxidation activity and NOx capture 
efficiency, thus resulting in very different spatial distributions of stored NOx along the axial direction of the 
catalyst bed. On the other hand, the spatial distribution affects how the stored NOx is decomposed during the 
reduction phase and how the spikes of quantitatively determined different nitrogen containing molecules 
evolved in a specific sequence during the reduction phase. This work clarifies important mechanistic insights 
into NSR catalysis towards zone-coated catalyst design. 
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1. Introduction  

NOx storage and reduction (NSR) catalysis1, 2 has become a proven complementary process to the 
conventional three-way catalysis (TWC) since it can efficiently convert NOx into N2 even when operating an 
internal combustion engine under lean conditions (i.e. oxygen rich; A/F > 14.7) which are beneficial for fuel 
economy and naturally arising for diesel engines. In NSR, the difficult reduction of NOx to N2 is enabled by 
unsteady-state operation, namely by switching between (i) a fuel-lean phase where NOx storage takes place 
over a catalyst and (ii) a fuel-rich (reductive) phase where stored NOx is converted to N2. Due to the nature 
of the unsteady-state operation, the catalytic processes take place and vary dynamically within reactor. For 
this reason, space-resolved information of surface chemical species and their relation to the effluent gas 
evolution are mandatory to understand the complex NSR chemistry. This works aims at elucidating these 
impacts exerted by Pt/Rh or Ba through holistic understanding of NSR chemistry by the space- and time-
resolved operando DRIFTS.  
  
2. Experimental  
 Space-resolved measurements were carried out in order to understand the effects of precious metal 
and also Ba as the storage component along catalyst bed, thus four catalysts were evaluated (Pt/Al2O3, 
Rh/Al2O3, Pt-Ba/Al2O3 and Rh-Ba/Al2O3). Catalyst bed length was ca. 6 mm (66 mg) and time-resolved 
DRIFT spectra (250 ms time resolution) were recorded at 4 different positions (2 mm distance to the next) 
along the axial direction of the catalyst bed. Catalytic performance and mechanistic studies were performed 
under unsteady-state NSR conditions: (i) fuel-lean (600 ppm NO, 7 vol% O2, balance He) & (ii) fuel-rich (3 
vol% H2, balance He) gases, both at 100 mL/min, alternately and periodically passing through the catalyst 
bed at a fixed time interval of 300 and 240 s for the lean and rich conditions, respectively. Surface chemical 
species evolved during NSR were studied by operando DRIFTS using an in-house designed cell mimicking 
the action of plug flow reactor.3 Gas phase composition was analyzed by MS and IR.  
 
3. Results and discussion 

Figure 1 highlights the information we obtained from the space(4 positions)- and time(540 s)-resolved 
DRIFTS (blue and red color meaning minimum and maximum of concentration respectively) as well as the 



gas phase analysis (only NOx concentrations are shown) for all studied catalysts at 350 ºC. For the NOx 
storage phase (i.e. the first 300 s) evolution and spatial distribution of stored NOx in the form of nitrates 
(bands arising at ca. 1560 & 1730 cm-1) were uniquely determined by the type of precious metal and the 
presence/absence of Ba. Comparing Pt/Al2O3 and Pt-Ba/Al2O3 or Rh/Al2O3 and Rh-Ba/Al2O3, it is evident 
that the presence of Ba component induces the formation of NOx storage front caused by full NOx capture 
along the flow direction due to enhanced catalytic activity for NOx storage.  

Looking into the NOx reduction phase (the last 240 s) especially upon lean-to-rich switching, a large 
NO spike was detected for Rh-Ba/Al2O3. Such a NOx spike in reduction phase can be detrimental for overall 
NSR performance and thus it is of prime importance to understand the origin of such spikes. This spike is 
likely caused by the spatial distribution of the stored NOx, which is more pronounced at the upstream 
position for Pt-Ba/Al2O3 and at the downstream position for Rh-Ba/Al2O3, due to the higher NO oxidation 
activity of Pt than that of Rh.  

 

 
Figure 1. Space- and time-resolved DRIFTS of NSR catalysts at 350 ºC at four positions (Δx = ca. 2 mm).  

 
4. Conclusions 

Space-resolved analysis allowed to give explanation to the effluent concentration profiles as well as 
chemical surface species formation/consumption by thorough understanding of what, where and how the 
NSR processes take place along the catalyst bed. Intrinsic Ox/Red abilities of the precious metals and the 
presence of Ba were found to influence the surface chemistry of both NOx storage and reduction processes 
and consequently the overall NSR performance. 

 
References  
1. S. Matsumoto, Catal. Today 29 (1996) 43. 
2. N. Takahashi, H. Shinjoh, T. Iijima, T. Suzuki, K. Yamazaki, K. Yokota, H. Suzuki, N. Miyoshi, S. Matsumoto, T. 

Tanizawa, T. Tanaka, S. Tateishi and K. Kasahara, Catal. Today 27 (1996) 63. 
3. A. Urakawa, N. Maeda and A. Baiker, Angew. Chem. Int. Ed. 47 (2008) 9256. 
 



<<

  /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 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /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 600

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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



