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Abstract: Multi-walled carbon nanotubes (MWNTs) nanocomposites with the polymer matrix composed of blends of
poly(vinylidene fluoride) (PVDF) and polyurethane (PU) were prepared via functionalization of 3,4,5-triflouroaniline (TFA)
on MWNTs. The MWNTs/polymer nanocomposites showed a dominantly enhanced elongation due to incorporation of PU
molecules in PVDF matrix and the improved MWNTs dispersion in the polymer matrix resulting from functionalization of
MWNTs with TFA. The functionalization of TFA on MWNTs was confirmed by the measurements of Raman, FT-IR spectra,
SEM, and TEM images. In addition, the dielectric constant of nanocomposites increased with an increase of TFA-functional-
ized MWNTs in PVDF/PU/MWNTs nanocomposites. The polymer blend nanocomposites incorporating MWNTs may be
available as an alternative potential route for the actuator materials. 
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Introduction

Polymer electroactive actuators have received much

attention due to their high light weight, processability, energy

density, and high electromechanical coupling efficiency

compared to the inorganic actuators [1-4]. These include

electrically conducting polymers, ferroelectric polymers,

electrostrictive polymers, dielectric polymers, and etc. Of all

the electroactive polymer actuators, dielectric elastomers

show the largest actuation areal strain though high electric

fields are required to achieve it. Dielectric elastomers are

usually prepared from chemically crosslinked homopolymers

such as acrylic and silicone elastomer and physically

crosslinked copolymers such as polyurethane block copolymers.

Polymer composites with high dielectric properties may

be more desirable for use in application of dielectric

elastomers because they can enhance the dielectric properties

of polymers by incorporating the ceramic, semiconducting

fillers, and silver nanoparticles [5-7]. However there has

been still deterioration in thermal stability and mechanical

properties for most elastomer-based polymers and their

composites. As an alternative method of preparing the

dielectric elastomer actuator materials, the polymer blends

incorporating the nanomaterials such as carbon nanotubes

(CNTs) may be desirable. Since CNTs have the extraordinary

electrical, thermal and mechanical properties [8,9], the CNT/

polymer nanocomposites make it possible to obtain high

dielectric materials using CNT functionalization [10,11]

with high dielectric molecules. 

In this study, the polymer blend/CNT nanocomposites

composed of poly(vinylidene fluoride) (PVDF) and polyurethane

(PU) were employed. PVDF is a typical ferroelectric

polymer and thermally stable [12,13]. For enhancing the

dielectric properties of materials, CNTs are functionalized

with the high dielectric molecules. The analysis of

mechanical and dielectric properties as well as CNT

functionalization and the morphology of nanocomposites are

investigated as a function of polymer blend ratio and CNT

content. 

Experimental

Materials

The multi-walled carbon nanotubes (MWNTs, Iljin

Nanotech, Korea) were used in this study. Their diameter

and length were about 10-20 nm and 20 µm, respectively.

PVDF (M
w
=530,000 g/mol, Sigma Aldrich Co.), commercial

PU chips synthesized from 4,4-methylenebis(phenylisocyanate)

(MDI), poly(tetramethylene glycol) (PTMG), 1,4-butanediol

(BD) (SK Company, Korea) by mole ratio of (MDI:PTMG:

BD=39:52:9), and 3,4,5-trifluoroaniline (TFA, TCI) were

used in this study. 

Functionalization of MWNTs

MWNTs (0.5 mmol of carbon) and TFA (4 equiv/mol of

carbon) were dispersed in o-dichlorobenzene (ODCB) using

horn sonication for 15 min. The MWNTs/ODCB/TFA solution

was dissolved in acetonitrile in a two-necked flask with a

reflux condenser and a magnetic stirrer bar to obtain the

homogeneous solution. Then isoamyl nitrite (4.8 equiv/mol

of carbon) was slowly added to the solution, and they were

heated to 60 o
C with continuous stirring for 24 h under

nitrogen atmosphere. The resulting product was washed with

an excess amount of dimethylformamide (DMF) to get TFA-

functionalized MWNTs (TFA-MWNTs) (Figure 1).
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Preparation of TFA-MWNTs/Polymer Composites

PVDF/PU/TFA-MWNTs nanocomposites films were

prepared by solvent casting using DMF as solvent with

varying TFA content MWNTs up to 1 wt% as well as the

composition of PVDF and PU within 6 wt% PU. The cast

films were used after removing the solvent completely in a

hot drying oven. The average thickness of obtained films

was approximately 0.1 mm. The compounding formulation

of PVDF/PU/MWNTs nanocomposites is presented in Table 1.

Characterization

Raman spectroscopy (Kaiser Holo Lab 5000 System 633

nm Ar-ion laser line, Japan) was used to investigate the

functionalization of the MWNTs. Fourier transform infrared

(FT-IR) spectroscopic measurements were performed using

a Jasco FT-IR 300E device. The surface morphology of

pristine and functionalized MWNTs was observed by

transmission electron microscopy (TEM, JEM 2100F, JEOL,

Japan). The cross-sectional morphology of the nanocomposites

was observed with field emission scanning electron

microscope (FE-SEM, S-4300SE, Hitachi). The mechanical

properties of nanocomposites were measured at an elongation

rate of 10 mm/min at room temperature using tensile tester

machine (Instron 4468). The dielectric constants of samples

were measured with dielectric analyzer (Broadband Dielectric

Analyzer, Novocontrol GmbH, Germany) in a frequency

range of 10-1 to 107 Hz. 

Results and Discussion

TFA-functionalized MWNTs were employed for enhancing

the mechanical and dielectric properties of PVDF/PU blends

as dielectric elastomer actuator materials in this study, where

TFA was acted as the dielectric fillers. Firstly to confirm the

synthesis of TFA-functionalized MWNTs, Raman spectroscopic

measurements were performed. Figure 2 shows Raman

spectra for pristine and TFA-functionalized MWNTs. There

are seen two characteristic peaks at 1575 cm-1 (G band) and

1350 cm
-1 

(D band) [14] for both pristine and functionalized

MWNTs in the Raman spectra. The D band is corresponded

to the defect sites in the hexagonal framework of MWNTs

due to the disorder induced by sp
3
 hybridization, whereas G

band indicates a presence of ordered sp2 hybridization. The

band intensity ratio (ID/IG) between the D and G peaks can

be used as a measure of a degree of functionalization of

MWNTs [15]. From the Raman spectra, the intensity ratio of

ID/IG of pristine MWNTs and TFA-MWNTs were obtained

Figure 1. Scheme of CNT functionalization with 3,4,5-

trifluoroaniline.

Table 1. Compounding formulation of PVDF/PU/TFA-MWNTs

nanocomposites

Sample code
PVDF 

(wt%)

PU 

(wt%)

TFA-MWNTs 

(wt%)

PVDF/TFA-MWNTs1% 99 0 1

PVDF/PU2%/TFA-MWNTs1% 97 2 1

PVDF/PU4%/TFA-MWNTs1% 95 4 1

PVDF/PU6%/TFA-MWNTs1% 93 6 1

Figure 2. Raman spectra of pristine and functionalized MWNTs.

Figure 3. FT-IR spectra of TFA, pristine and functionalized

MWNTs.
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as 1.51 and 1.89, respectively. It is due to the covalent

functionalization of MWNTs by TFA molecules.

The functionalized MWNTs were further characterized by

FT-IR spectroscopy as shown in Figure 3. After functionalization

of MWNTs with TFA, a new peak appeared around 1520

cm
-1

 corresponding to C-F stretching [16]. It indicates the

presence of 3,4,5-trifluorophenyl groups covalently bonded

on MWNTs. In addition, IR spectra of TFA-MWNTs also

showed absence of two peaks around 1300 cm
-1

 and 3400

cm-1 corresponding to C-N stretching and N-H stretching,

respectively, confirming the complete reaction of TFA and

MWNTs. 

SEM and TEM images were obtained for the pristine and

functionalized MWNTs as shown in Figure 4 and 5. TEM

image of the pristine MWNTs indicates that surfaces of

nanotubes are smooth and clean, whereas the functionalized

MWNTs show some roughness due to the covalently bonded

TFA chains on the MWNTs. Further from thermogravimetric

curves shown in Figure 6, it can be seen that the TFA

molecules are well functionalized on MWNTs by comparing

the residue of pristine and functionalized MWNTs at 700 oC.

The large difference in the residue between the pristine

MWNTs and TFA-MWNTs at high temperature supports the

amount of functionalized TFA molecules on MWNTs.

Figure 7 shows the cross-sectional FE-SEM images of the

nanocomposite films prepared by cutting the films in liquid

nitrogen. It is seen that the TFA-MWNTs are uniformly

dispersed in the polymer matrix. It may be due to some kind

of interaction such as hydrogen bonding between TFA and

polymer chains. However, it was difficult to confirm the IR

peak from the measured IR spectra due to the very weak IR

intensity of MWNTs. 

Figure 8 shows the stress-strain curves of nanocomposites

Figure 4. FE-SEM images of pristine and functionalized MWNTs.

Figure 5. TEM images of pristine and functionalized MWNTs.

Figure 6. Thermogravimetric curves of pristine and functionalized

MWNTs.

Figure 7. FE-SEM images of PVDF/TFA-MWNTs and PVDF/

TFA/PU/TFA-MWNTs nanocomposites with different PU content.

Figure 8. Strain-stress curves of PVDF/PU/TFA-MWNTs

nanocomposites with different PU content.
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with different blend ratio of PVDF/PU/MWNTs. The PVDF

nanocomposite of 1 wt% TFA-MWNTs content exhibits an

elongation-at-break of 110 % with a yield point at 14 %

elongation. However, an addition of PU of 2 to 6 wt% to the

PVDF resulted in increasing their elongation-at-break

dominantly without losing their tensile strength largely

(Table 2). In case of nanocomposite including 6 wt% PU, the

large elongation-at-break of 327 % was obtained, which

must be interesting. It means that an addition of only a little

PU to the PVDF/MWNTs nanocomposites can enhance the

elongation-at-breaking of the samples highly. Moreover the

modulus of nanocomposites deceases largely with the PU

content, indicating the enhanced flexibility as the actuator

materials. For example, the modulus of nanocomposite with

6 % PU exhibits decreases a half of the nanocomposite

without PU. The yield stress was also a little suppressed with

increasing the PU content. The enhanced elongation-at-

break of nanocomposites with the incorporation of a little

PU chains is regarded to be due to a contribution of PU

chains as a lubricating agent [17]. It may be important for

application of PVDF/PU/TFA-MWNTs nanocomposites as

the dielectric elastomer actuator materials because the highly

stretchable and soft properties are required for the dielectric

elastomer actuators [18]. 

The dielectric constants of the nanocomposites were

measured as a function of frequency for PVDF/MWNTs and

PVDF/PU/MWNTs samples as shown in Figures 9 and 10.

Figure 9 exhibits that the dielectric constant of PVDF

samples increases with an increase of TFA-MWNTs content.

It is due to the increase of TFA-MWNTs content having high

dielectric TFA molecules. It is also seen from Figure 10 that

the dielectric constant of the PVDF/MWNTs nanocomposites

increases with increasing the PU content, and decreased with

increasing the frequency from 10-1
 to 10

6 
Hz. Since the

dielectric constants of pure PVDF and PU are 8-13 and 0.6-

1.2, respectively [19,20], it is very interesting that an

incorporation of a small PU to PVDF/MWNTs increases

their dielectric constants from 23 to 51 at 10-1 Hz. It is due to

the presence of PU chains as a lubricant agent which can

make the polar chain rotation of polymers easier. So it is sure

that the incorporation of PU and TFA-MWNTs is very

effective for enhancing the mechanical and dielectric properties

of samples. It suggests that the polymer blend nanocomposites

can be an alternative method for preparation of dielectric

elastomer actuator materials. 

Conclusion

After MWNTs functionalization with TFA molecules,

PVDF/PU/TFA-MWNTs nanocomposites were prepared

and their mechanical and dielectric properties were investigated.

The functionalization of MWNTs by fluorinated molecules

of TFA increased the dielectric properties and dispersion of

Table 2. Mechanical properties of nanocomposites

Sample
Breaking stress 

(MPa)

Elongation-at-break 

(%)

Modulus

 (MPa)

Yield stress 

(MPa)

Yield strain 

(%)

PVDF/TFA-MWNTs1% 39.3 110 627 50.1 14.1

PVDF/PU2%/TFA-MWNTs1% 37.7 240 424 41.4 15.0

PVDF/PU4%/TFA-MWNTs1% 36.4 247 400 39.5 14.1

PVDF/PU6%/TFA-MWNTs1% 37.5 327 382 38.3 14.9

Figure 9. Dielectric constant of the PVDF/TFA-MWNTs nano-

composites with different TFA-MWNTs as a function of frequency.

Figure 10. Dielectric constant of nanocomposites with different

PU content as a function of frequency. 
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MWNTs in the PVDF matrix. The mechanical properties of

PVDF/MWNTs nanocomposites such as elongation-at-

breaking were improved dominantly with an addition of

only a few PU content. As a result, the incorporation of PU

and TFA-MWNTs was very effective for enhancing the

mechanical and dielectric properties of PVDF samples. It

suggests that the polymer blend nanocomposites can be an

alternative method for preparation of dielectric elastomer

actuator materials. 

Acknowledgement

This work was supported by Defense Acquisition Program

Administration (DAPA) and Agency for Defense Development

(ADD). 

References

1. J. Li, J. Claude, L. E. N. Franco, S. I. Seok, and Q. Wang,

Chem. Mater., 20, 6304 (2008).

2. F. Bauer, E. Fousson, and Q. M. Zhang, IEEE Trans.

Dielectr. Electr. Insul., 13, 1149 (2006).

3. Q. M. Zhang, H. Li, M. Poh, F. Xia, Z. Y. Cheng, H. Xu,

and C. Huang, Nature, 419, 284 (2002).

4. T. I. Yang and P. Kofinas, Polymer, 48, 791 (2007).

5. G. Gallone, F. Carpi, D. D. Rossi, G. Levita, and A. Marchetti,

Mater. Sci. Eng. C, 27, 110 (2007).

6. I. S. Park, K. J. Kim, J. D. Nam, J. Lee, and W. Yim,

Polym. Eng. Sci., 47, 1396 (2007).

7. J. Lu, K. S. Moon, J. Xu, and C. P. Wong, J. Mater. Chem.,

16, 1543 (2006).

8. P. M. Ajayan, O. Stephan, C. Colliex, and D. Trauth,

Science, 265, 1212 (1994).

9. M. Moniruzzaman and K. I. Winey, Macromolecules, 39,

5194 (2006).

10. A. Hirsch and O. Vostrowsky, Top. Curr. Chem., 245, 193

(2005).

11. N. G. Sahoo, Y. C. Jung, H. J. Yoo, and J. W. Cho,

Macromol. Chem. Phys., 207, 1773 (2006).

12. Z. M. Dang, Y. H. Lin, and C. W. Nan, Adv. Mater., 15,

1625 (2003).

13. T. R. Dargaville, J. M. Elliott, and M. Celina, J. Polym.

Sci., Part B: Polym. Phys., 44, 3253 (2006).

14. R. Y. S. Berru, E. V. Basiuk, and J. M. Saniger, J. Raman

Spectrosc., 37, 1302 (2006).

15. A. Liu, I. Honma, M. Ichihara, and H. Zhou, Nanotechnology,

17, 2845 (2006).

16. H. J. Park, J. Kim, J. Y. Chang, and P. Theato, Langmuir,

24, 10467 (2008).

17. J. Borah and N. Karak, J. Appl. Polym. Sci., 104, 648

(2007).

18. R. Pelrine, R. Kornbluh, and G. Kofod, Adv. Mater., 12,

1223 (2000).

19. N. Karasawa and W. A. Goddard, Macromolecules, 28,

6765 (1995).

20.  J. D. Nam, S. D. Hwang, H. R. Choi, J. H. Lee, K. J. Kim,

and S. Heo, Smart Mater. Struct., 14, 87 (2005).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01500
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


