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Experimental Section
10

1. Materials

4, 4’-Oxydianiline (ODA, purity: 98%) and pyromellitic
dianhydride (PMDA, purity: 98.5%) were purchased from
Sinopharm Co. Shanghai and used as received. Attapulgite

15 (Attagel 50, average particle diameter: 0.1 pm) were purchased
from Engelhard Co.,USA. 4,4’-methylenebis(phenylisocyanate)
(MDI, purity: 98%) was purchased from Aldrich Chemical Co.
and used as received. N,N-dimethylformamide(DMF) was
vacuum distilled over anhydrous magnesium sulfate. All other

20 reagents and chemicals were of analytical grade and used as
received.

2. Preparation of ODA-modified ATT

Attapulgite (ATT) clay was firstly purified with sodium
25 hexametaphos-phate solution to remove iron ions and other more
dense impurities such as quartz by sedimentation. The
supernatant suspension was recollected by centrifugation. The
purified ATT was then activated in SM HCI solution at 80 °C for
1 h to remove the residual carbonates and introduce more
30 hydroxyl groups on the surface. After exhaustively washed to pH
neutral with water, the activated ATT were dried at 150 °C in
vacuum for 12 h to remove any water from the external surfaces.
The dried ATT (5g) was ground and re-dispersed in dry DMF to
form 5 wt % suspension by using a high shear homomixer and
35 ultrasonication for 30 min. MDI (0.01mol) solution in DMF was
added to the stirred suspension of ATT. The reaction was
maintained at 80 °C under nitrogen for 1 h. After washed twice
with DMF, a solution of ODA (0.05mol) in DMF was added, and
stirred overnight at 55 °C. After the reaction, modified ATT was
40 collected by centrifugation at 6000 rpm. To completely remove
ungrafted molecules and bulk polymer, ATT was washed
sequentially with DMF, water and acetone. The obtained ODA-
modified ATT was then dried in vacuum and ground.

ss 3. Preparation of ATT/polyimide nanocomposites

Poly(amide acid) from PMDA and ODA was prepared as
follows: ODA (10.0 mmol) was first dissolved in DMF in a
three-necked flask equipped with nitrogen inlet and mechanical
stirrer at room temperature with continuous stirring. After ODA
so was completely dissolved, PMDA (10.1 mmol) was added to the
flask in 3 batches with an interval of 30 min between batches.
The mixture was stirred vigorously for 24h to form a viscous but
transparent poly (amide acid) solution.
To prepare ODA-modified ATT suspension in DMF at
ss different concentrations, different quantities of organo-ATT were
added to 10g DMF and then each was mixed for lh under high
shear. The ATT suspensions were subsequently mixed with the
PAA solution under vigorously stirring for another 12h to obtain

ODA-modified ATT/ poly (amid acid) in DMF. The final solid

e content of poly (amid acid) in DMF is 11%. The poly (amid
acid)/ATT solutions with different ATT loadings were then used
to cast films on glass slides. The films were placed in a vacuum
oven at room temperature to remove the air bubble and then were
thermally treated respectively at 80 °C for 3h, 100 °C for 2h, 150,

6s 200 and 300 °C for 1h under N, to completely remove the solvent
and achieve imidization.

4. Characterization and Measurements

Fourier transform infrared spectroscopy (FTIR, Nicolet Magna-
70 550 spectrophotometer) was used to study the covalent bonding
of organic molecules to the ATT surface, where the ATT powder
was dispersed in KBr disks and experiments were conducted over
the range 400 ~ 4000 cm™. The morphologies of original ATT
nanorods and nanocomposites were inspected using scanning and
75 transmission electron microscope (SEM, Tescan 5136MM, and
TEM, Hitachi H-600). To examine the dispersion state of
nanorods in polyimide, the nanocomposite film was fractured in
liquid nitrogen, etched in sulfuric acid and then coated with gold
for SEM observations. The sample preparation for TEM
so experiments followed an epoxy encapsulation procedure and then
the encapsulated nanocomposite film was cut with an
ultramicrotome at room temperature. For characterization of the
fracture surface of the neat polyimide and nanocomposite films,
the samples obtained after completing tensile tests were directly
ss mounted on the carbon tape and then coated with gold for the
SEM observation of surface morphology. Utraviolet-visible
spectrometer (UV-vis, Perkin-Elmer Spectrometer Lambda 35)
was used to examine the effect of ATT nanorods on the light
transmittance of polyimide films. For each sample three different
o places were randomly chosen for wavelength scanning, which
indicates the dispersion state of ATT nanorods in polymer.
Thermogravimetric analysis (TGA, Perkin Elmer, Pyris 1) was
employed to determine the amount of organic molecules grafted
on the ATT surface and the thermal stability of ATT/polyimide
os nanocomposites. The TGA scans for ATT nanorods were
performed in the range of 50 ~ 700 °C with a heating rate 10 °C
/min while for the nanocomposites the TGA scans were
conducted in a range of 100 ~ 800°C with heating rate 20 °C
/min. All scans were completed in a nitrogen atmosphere. The
10 dynamic mechanical analyses (DMA, Netzsch DMA242
analyzer) of the polyimide and nanocomposite films was
performed from 25 to 400 °C with a heating rate 5 °C /min and
frequency 0.1Hz. The tensile strength, modulus and elongation at
break of the nanocomposite films were obtained on an Instron-
10s 5565 universal testing system at a crosshead speed of 2 mm/min
for effective sample length of 20mm at room temperature. The
tensile properties of each sample were determined from an
average of five tests.

This journal is © The Royal Society of Chemistry

Journal of Materials Chemistry, 2008, [vol], 00-00 | 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


