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Abstract 
Morphology development during phase inversion is a very complex and not well understood 
process. EPDM/PP -based TPVs were prepared and characterize by different electronic microscopy 
techniques. Using a low Mw-EPDM, morphology development during phase inversion was 
successfully followed by scanning electron microscopy with a back scattered electron detector.  
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Introduction 
Thermoplastics vulcanizated (TPVs) are produced via dynamic vulcanization, which is a process 
were the rubber is selectively cross-linked while melt mixing with a thermoplastic. Since the 
morphology changes from an initial thermoplastic-in-rubber dispersed droplet morphology to fine 
particles of EPDM dispersed in a PP matrix, during dynamic vulcanization phase inversion must 
take place [1]. As a result of the morphology obtained, TPVs combine the melt processability of the 
thermoplastics and the mechanical properties of the thermoset rubbers. Although, TPVs are already 

fundamental questions related to the morphology development during TPVs production and the final 
morphology are still not understood. For example, the melt processability of TPVs is explained by a 
dispersion of cross-linked rubber particles in continuous PP matrix, however the elasticity of TPVs 
suggests some continuity of the rubber phase [2]. Thus TPVs morphology is a topic of discussion 
and is far from trivial. This work aims to study TPVs morphology development during dynamic 
vulcanization using electronic microscopy techniques. TPVs were prepared using a low Mw-EPDM, 
which allows to slowdown the cross-linking reaction and increase the EPDM domains size. 
 
Materials and Experimental Procedure 
TPVs were prepared using PP (MFI=2 and 47 g/10 min, at 230 ºC with 2,16 kg), EPDM (Mw=7,2 
and 150 kg/mol) (50/50, w/w) and resol/SnCl2 as vulcanizing agent in a batch mixer at a rotor speed 
of 80 rpm, a set temperature of 200 ºC and a mixing time of 5 min. Samples collected along the time 
and at 5 minutes were cryogenically fractured and vapor stained by ruthenium tetroxide during 2 
hours. Samples, previously coated with a thin gold layer, were then observed by a secondary 
electron detector (conventional SEM) and a back scattered electron detector (BSE), using a Leica 
Scanning and FEI Quanta 400FEG Electron Microscope. Samples were also cryomicrotoming to 
100 nm thin sections at -130 ºC and vapour stained by ruthenium tetroxide for 20 minutes for TEM 
characterization using a Philips CM120 Transmission Electron Microscope. 
 
Results and Discussion 
Typical TPV morphology observed by conventional SEM and SEM with BSE detector and TEM are  
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shown in Fig. 1 a), b), c) and d), respectively. As it can be seen in micrographs of Fig. 1 a) and b) 
the cross-linked rubber particles (white phase) have a small size and seem to be aggregated. More 
detailed information is given in Fig. c), using higher magnification. In this micrograph, the EPDM 

a thin PP layer (dark phase). However, as can be 
observed in Fig. 1 d), TEM provides high-resolution images giving more details on the 
microstructure, which cannot be given by SEM. In this figure the cross-linked EPDM particles (dark 
phase) show irregular shape and a heterogeneous distribution in domain size, varying between 0.2 -
1.5 µm. Even though TEM seems to be the technique that gives more details on the morphology, 
SEM was the suitable technique to study phase inversion phenomena. This is related with phase 
inversion features, very fast process, it has been reported that occurs in less than 1 minute after the 
addition of the cross-linking system, and rather heterogeneous in the space. In order to slowdown 
the phase inversion phenomena a low Mw-EPDM was used. Since the cross-linking efficiency of the 
low Mw EPDM is much lower than for high Mw EPDM, the cross-linking of the EPDM phase is 
retarded and as a result phase inversion is slowed down. In addition due to the large difference on 
the viscosity ratio the domains size increases and the morphology development could be followed by 
SEM using the backscattered detector. Micrographs evidencing phase inversion are depicted in Fig. 
2. It can be observed that phase inversion occurs via lamellar structure. 
 
Conclusions 
SEM using a BSE detector was successfully used to follow the phase inversion during the 
production of a TPV. 
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a) b) c)c) d)

 
Fig. 1. Micrographs of TPV samples of EPDM (high Mw)/PP (MFI47) collected at 5 min: a) SEM; 
b) and c) BSE and d) TEM.  

 
Fig. 2. BSE micrographs of TPV 
samples (EPDM (low Mw)/PP (MFI 
2)): a) 0 s; b) 45 s c) 120 s.  

a) b) c)

Microsc Microanal 15 (supp 3), 200992

https://doi.org/10.1017/S1431927609990912 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927609990912


<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /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


