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1. Introduction

Since some of the possible applications of carbon nanotubes involve gas diffusion and
sorption, the equilibrium and the dynamic adsorption properties of these materials have
been intensively studied. The sorption over carbon tubes can be easily described by
theoretical methods, such as, molecular dynamics and/or Monte Carlo simulations [1].
The results obtained, however, have to be tested against experimental results determined
for real nanotube preparations. Recently, the frequency response (FR) technique has been
shown to be useful for investigating the mass transfer kinetics of gases in various
adsorbents, including activated carbons [2]. An outstanding advantage of the FR method
is its capability to distinguish different molecular mobilities which may be present in the
system. In principle, the FR method gives information about the mechanism of the rate-
governing transport step and permits the determination of the dynamic parameters of the
transport process [3]. The aim of the present work was to learn more about the sorption
and diffusion of C; hydrocarbons, such as propane, propene, propyne, allene and
cyclopropane in different carbon nanotube preparations by taking advantage of the
unique potentials of the FR technique.

2. Experimental

The catalytic chemical vapor deposition (CCVD) method was used to prepare the
carbon tubes. The single-walled carbon nanotubes (SWNT) were obtained by methane
carbonization over Co/MgO catalyst. A purified SWNT sample was obtained by
dissolving part of the Co/MgO using concentrated HCI solution. The multi-walled carbon
nanotubes (MWNT) were prepared by the catalytic decomposition of acetylene over a
Fe,Co/Al,0O; catalyst. From the MWNT-containing material the Fe,Co/Al,O; was
dissolved by subsequently applying NaOH and HCI solutions. Another sample was
obtained by ball-milling the purifitd MWNT in air. A mixture of tube fragments,
containing rather uniform, 300-400-nm length tubes and amorphous carbon debris, was
obtained. In order to obtain the fragmented tubes in pure form the amorphous carbon was
oxidized to CO, with KMnO4/H,SO, solution. Preparations were characterized prior to
and after the applied treatments.

©2005, G. Onyest%/ék
Diffusion Fundamentals 2 (2005) 101.1 - 101.2 1



The sorption dynamics were studied using a batch type FR system, described by Rees
et al. [4]. The temperature and pressure of the measurements were 273 K and 133 Pa,
respectively. Under the applied conditions the hydrocarbon uptake was only a small
fraction of the amount corresponding to monolayer coverage. Thus, the sorption process,
characterized by the FR spectra, concerned only a very small fraction of the highest
energy sorption sites.

3. Results and discussion

The surface area of the carbon in the samples depended only on the type of the
nanotube, i.e., single- or multi-walled, but was virtually invariant of the carbon content of
the sample and to the applied chemical and mechanical treatments. These findings
suggest that catalyst and the carbon impurities introduced only a minor contribution to
the measured surface area. Moreover, both the outer and the inner surfaces of the
nanotubes are accessible for N, adsorption in all of the studied preparations.

The rate spectra, recorded under identical conditions for the SWNT and MWNT
samples were similar except for the signal intensities. The intensities reflected the
sorption capacities of the samples, having different surface areas, as well as the different
sorption capacities for the different hydrocarbons containing three carbon atoms. Results
suggested two parallel sorption processes with distinctly different time constants. These
processes were assigned to sorption on the convex and concave surfaces of the carbon
tubes. The adsorbing areas are consistent with the surface areas of the outside and inside
of the tubes. However the energetics of these surfaces are quite different. The FR
measurements showed that treatments in oxidative medium changed the rate-controlling
mechanism of the mass transport from one of sorption to one of diffusion. Results
substantiated that the surface functional groups generated have significant influence on
diffusional resistances of the different samples. Also the strength of the adsorbate-surface
interactions changes depending on the chemical bonds present in these C; hydrocarbons
resulting in different coverage. The diffusivities were little different for the various
isomers, supporting the conclusion that Knudsen type diffusion prevailed.

4. Conclusion

It can be concluded that various nanotubes samples, represent distinctly different
resistances to sorption mass transport. The results suggest that, at low sorption coverage,
the dynamic sorption properties of the nanotubes are strongly affected by the structural
defects and the oxygen-containing functional groups, generated mainly during the
purification procedures. The FR rate “spectroscopy” proved to be an effective method to
characterize the dynamics of sorption in carbon nanotubes.

References

[1] Z.Mao, S. B. Sinnott, J. Phys. Chem. B 105 (2001) 6916-6927.

[2] Gy. Onyestyak, J. Valyon, A. Bota, L.V.C. Rees, Helv. Chim. Act. 85 (2002) 2463-
2468.

[3] Y. Yasuda, Heterog. Chem. Rev. 1 (1994) 103-124.

[4] L.V.C.Rees, D. Shen, Gas Sep. & Purif. 7 (1993) 83-89.

Diffusion Fundamentals 2 (2005) 101.1 - 101.2 2



	The Sorption Dynamics of C3 Hydrocarbons over Carbon Nanotubes 
	1. Introduction 
	 2. Experimental 
	3. Results and discussion 
	4. Conclusion 
	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


