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1. Introduction

Today in many technical and pharmaceutical processes the transport of small
molecules like solvents, gases, or drugs in polymers is a central topic of investigation.
For example the transport of solvent molecules in nanofiltration applications, the
methanol transport in direct methanol fuel cells (DMFC) and the rate-determining step
for drug delivery are dependent on the diffusion characteristics of polymer materials.
Especially for membrane processes where the properties of the polymer membrane
strongly depend on its permeability and selectivity, the relative solubility and the
diffusivity of solvent and solute in the membrane play the major role."”
For membranes, in the sense of dense polymeric films, the interaction between polymer
structure and crystallinity on the microscopic level on one hand and the solvent on the
other hand should be under investigation to understand the mechanism of membrane
selectivity. One of the parameters is the diffusion of a component in a membrane related
to its-diffusion coefficient. This partial self-diffusion coefficient reflects the translational
motions of solvent molecules in the polymer matrix. Between diffusivity and
concentration of the solvent molecules in the material (swelling) a correlation can be
obtained.* This correlation depends on the structure and the chemical nature of the
polymer, and varies for various polymers extensively concentration dependent.

2. Experimental Results

Thermal properties of the cast PEBA polymer films were determined by DSC.
According to the literature®, two glass transitions (T,) and two melting point temperatures
(Ty) are expected. The first T, for all block copolymers at lower temperature is not
detectable in our measurements. However, the first T,, for all copolymers in the low
temperature range for 8 - 16 °C is observed and assigned to the fusion process of
polyether blocks. The second T, and T,, around 50 — 106 °C and 130 — 225 °C,
respectively, belong to the glass transition and fusion process of polyamide blocks.

The mobility of the guest molecules diffusing through a polymer is dependent on the
affinity between the diffusing-component and the polymer. It is related to many factors
such as chain mobility, polarity, crystallinity, thermal or processing history, molecular
weight, temperature, free volume, etc.’ The diffusion of water and a homologous series of
primary alcohols in various membranes from polyether-block-polyamide (PEBA)
multiblock-copolymers are studied by pulse field gradient stimulated spin-echo sequence
nuclear magnetic resonance (PFG-STE-NMR). It is shown that this technique is very
sensitive for the study of such dense polymer films, provided they can be measured
without further treatment. The materials cast from solution differ both by chemical
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composition and casting solvent (cyclohexanol and 1-butanol), and are characterized by
differential scanning calorimetry (DSC) in order to correlate the transport properties of
diffusivity with the two-phase nanostructure of the membranes generated from soft and
hard domains. It is found that the diffusion coefficient varies as a function of the casting
solvent and is lower in membranes with lower crystallinity. Samples containing a
polyamide-12 (PAj,) block exhibit a higher diffusion coefficient for ethanol, if the
polyether block is made from poly(tetramethylene oxide) (PTMeO) as compared to
materials with a poly(ethylene oxide) (PEO) polyether block. If, on the other hand, the
molar fraction of a PEO polyether block is kept constant, but the polyamide block is
exchanged, materials containing polyamide-6 (PAs) show higher diffusion coefficients
for the entire series of homologous primary alcohols studied, as compared to copolymers
containing PA,, blocks. The decrease of the diffusion coefficient follows the polarity of
the diffusing-component in the following order of PEBA grade: 57PEO/PA6 >
SSPEO/PA12.

3. Conclusions

The PFG-NMR technique has been shown to be a very sensitive technique for the study
of diffusion coefficients in dense polymer films which can be measured directly without
further treatment. Its limitation lies in material systems with very high degrees of
swelling or which cannot incorporate enough diffusing component. If the samples reach a
high degree of swelling the diffusion coefficient of the agent reaches mostly the value of
the free agent. For the polyether-block-polyamide copolymer (PEBA) the diffusion
coefficient of a homologous series of alcohols and water varies with changes in the
casting solvent. As the diffusion coefficient for membranes with lower crystallinity is
also lower than for membranes with high crystallinity the diffusion mechanism seems to
be influenced mostly by the chemical structure of the blocks. Additionally, it can be
suggested that the interaction between the polar polyamide block and the diffusing-
component such as water and a series of primary alcohols influences the transport
properties.

References

1. M. Jonstromer, B. Jonsson, B. Lindman,“Self-diffusion in nonionic surfactant-
water systems®, J. Phys. Chem., 95(8), 3293- 3300, (1991)

2. M. Malmsten, B. Lindman, “Water self-diffusion in aqueous block copolymer
solutions®, Macromolecules, 25, 5446-5450, (1992)

3. G. Gelebre, L. Coppola, G. A. Rainieri, “Water self-diffusion in lyotropic systems
by simulation of pulsed field gradient-spin echo nuclear magnetic resonance
experiments®, J. Chem. Phys., 97, 7781-7785, (1992)

4. A. H. Muhr, J. M.V. Blanshard, “Diffusion in gels”, Polymer, 23, 1012-1026,
(1982)

5. R. A. Zoppi, C. M. N. P. Fonseca, Marco-A. De Paoli, S. P. Nunes, “Solid
electrolytes based on poly(amide 6-b-ethylene oxide)”, Solid State lonic, 91, 123 —
130, (1996)

6. K.Ghosal and B. D. Freeman. “Gas separation using polymer membranes: an
overview”, Polymers for advanced technologies, 5, 673 — 697, (1994)

Diffusion Fundamentals 3 (2005) 34.1 - 34.2 2




<<
  /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


