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M. Rakić • S. Bernstorff

Received: 11 November 2010 / Accepted: 11 February 2011

� Springer Science+Business Media, LLC 2011

Abstract (PEO)8ZnCl2 polymer electrolytes and nano-

composites were prepared using PEO c-irradiated with a dose

of 529 kGy. The effect of c-radiation from a Co-60 source

were studied by small-angle X-ray scattering simultaneously

recorded with differential scanning calorimetry and wide-

angle X-ray diffraction at the synchrotron ELETTRA. The

abovementioned treatment largely enhanced the conductivity

of the polymer electrolyte. A room temperature conductivity

increase by up to two orders of magnitude was achieved by

Turković et al. (J Electrochem Soc 154(6):A554, 2007).

Keywords Polymer electrolytes � Nanocomposites �
SAXS/DSC/WAXD

1 Introduction

Understanding the structure of new materials on the mes-

oscopic scale (2–50 nm), such as clusters, aggregates and

nano-sized materials, requires suitable experimental tech-

niques. Electromagnetic radiation can be used to obtain

information about materials whose dimensions are on the

same order of magnitude as the radiation wavelength.

Scattering of X-rays is caused by differences in electron

density. Since the larger the diffraction angle the smaller

the length scale probed, wide angle X-ray diffraction

(WAXD) is used to determine the crystal structure on the

atomic length scale while small-angle X-ray scattering

(SAXS) is used to explore the microstructure on the

nanometer scale.

SAXS experiments are suitable to determine the struc-

ture of a nanocomposite polymer electrolyte. The solid

electrolyte poly(ethylene oxide) (PEO) is one of the most

extensively studied systems due to its relatively low

melting point and glass transition temperature, Tg, its

ability to play host to a variety of metal salt systems in a

range of concentrations; and, recently, it has been shown to

be a material with the smallest ever polymer crystals pre-

pared [1]. Polymeric complexes of (PEO)n with ZnCl2
have been used due to their stability and very high con-

ductivity [2, 3]. We have observed that the ionic conduc-

tivity at room temperature is up to two-times larger

compared to that above the phase transition temperature of

65 �C [4]. Our research was aimed at the optimizations of

the electrolyte properties [4] as these materials are attrac-

tive as electrolytes for second generation polymer-based

rechargeable batteries [5, 6] or other types of electronic

devices.

The aim of the present investigation was to study the

temperature behavior of the c-irradiated (PEO)8ZnCl2
electrolyte by simultaneous SAXS/WAXD/DSC measure-

ments. This structural investigation will provide an answer

to questions about the nano-size behavior through the

superionic phase transition, which occurs at *65 �C.
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2 Experimental

The polymer-salt complex was prepared by dissolving

ZnCl2 (Merck) and poly(ethylene oxide) (laboratory

reagent, BDH Chemicals, Ltd., Poole, England, Polyox

WSR-301, MW = 4 9 106, Prod 29740) in 50% ethanol–

water solution in stoichiometric proportions [4]. Prior to

the synthesis of the polymer-salt electrolyte, the powdered

PEO was irradiated by a cobalt-60 source with a dose of

529 kGy.

Simultaneous SAXS/WAXD/DSC measurements were

performed at the Austrian SAXS beamline at the syn-

chrotron ELETTRA, Trieste [7]. A photon energy of 8 keV

was used; and, the size of the incident photon beam on the

sample was 0.1 9 5 mm2 (h 9 w). For each sample,

SAXS and WAXD patterns were measured simultaneously

in transmission using two 1D single photon counting gas

detectors. The SAXS detector was mounted at a sample-

to-detector distance of 1.75 m, corresponding to a q-range

of 0.0007–0.032 nm. The WAXD detector was mounted to

cover a d-spacing range of 0.32–0.94 nm. The scattering

wave vector, s is given by s = 2sinh/k = q/2p, where 2h is

the scattering angle and k = 0.154 nm the used wave-

length. The method of interpreting the SAXS scattering

data is based on the analysis of the scattering curve, which

shows the dependence of the scattering intensity, I, on the

scattering wave vector s.

The in-line micro-calorimeter built by the group of

Michel Ollivon (CNRS, Paris, France) [8] was used to

measure simultaneously SAXS/WAXD and high sensitiv-

ity DSC from the same sample. The DSC phase transition

temperature was determined at the intersection of the tan-

gent to the peak and the baseline.

SAXS is observed when electron density inhomogenei-

ties of nano-sized objects exist in the sample. If identical

grains of constant electron density, q, are imbedded in a

medium of constant q0, only the difference Dq = (q–q0)

will be relevant for scattering. If grains are distanced from

each other widely enough, it is assumed that they con-

tribute independently to the scattered intensity. The central

peak arises from all added secondary waves in phase at

s = 0. The amplitude is proportional to Dq as only the

contrast to the surrounding medium is effective. For the

central part of the scattering curve, the universal Guinier

approximation for all types of scattering objects/grains is

valid [9–13] and the scattering intensity is given by Eq. 1

where Rg is the gyration radius, which is the average square

distance from the centre of masses within the particles. The

average grain raduis R, which will be used in our discus-

sion, is derived from Rg applying transformation for a

spherical shape of nano-grains.

I sð Þ ¼ Dqð Þ2exp
�R

2

g
s2=3

� �
: ð1Þ

For WAXD the diameter, D, of the nanocrystalline

grains is obtained by the Debye–Scherrer Eq. 2 where k is

the wavelength of the incident X-ray beam and b is the full

width at half maximum of the WAXD line.

D ¼ 0:9 � k
b � cos hð Þ: ð2Þ

3 Results and Discussion

Figure 1 shows the results from the DSC, SAXS and WAXD

measurements on the polymer electrolyte (PEO)8ZnCl2
nanocomposite. The measurements were performed simul-

taneously at the SAXS-beamline of ELETTRA. The evolu-

tion of the average radii of the grain sizes (R) obtained by

applying Eq. 1 is compared to the corresponding DSC and

WAXD spectra behaviour. In the heating cycle, the super-

ionic phase transition can be seen as a sudden drop of the

nano-grain sizes at the phase transition temperature. In the

cooling cycle, a hysteresis can be seen as the phase transition

occurs at lower temperature. The endothermic and exo-

thermic peaks found in DSC during the same temperature

cycle are in agreement with the sudden changes in the

average nano-grain sizes as obtained from the SAXS mea-

surements and intensity drops in the lines in the WAXD

spectra.

Fig. 1 DSC, WAXD and SAXS results for c-irradiated (dose

529 kGy) polyelectrolyte (PEO)8ZnCl2 from 20 to 100 �C at a

heating rate of 1 �C/min; a DSC heating and cooling cycle,

b evolution of the intensity of the strong WAXD line at

2h = 19.21 (denoted with TH and TC), c average grain radius (R) in

the SAXS cooling cycle (denoted with TC) and d R in the SAXS

heating cycle (denoted with TH)
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In the heating cycle (rate = 1 �C/min) for the SAXS

experiment there are two trends: 1. an increase in the grain

size up to 54 �C and 2. a sudden drop at this phase tran-

sition temperature. The average grain radius as obtained

from Eq. 1 varies from 10 to 13 nm in the region below the

phase transition temperature and then from 9 to 8 nm in the

highly conductive phase of the polymer electrolyte

(54–100 �C). The DSC curve shows the start of the endo-

thermic peak at 51 �C (heating cycle). In the SAXS data,

the cooling cycle shows the start of the phase transition at

31 �C; and, the change of the grain sizes is in the range

8.7–8.8 nm for the entire temperature range (100–20 �C).

The WAXD spectra show an intensity drop at 59 �C; and,

in the cooling cycle the temperature at which recrystalli-

zation starts is 30 �C.

In SAXS measurements for repeated heating cycles, the

second run (again at 1 �C/min, Fig. 2) results in changes of

the grain sizes from 7.9 to 9.1 nm below the phase tran-

sition temperature of 52 �C and 7.3–8.0 nm in the highly

conductive superionic phase (52–100 �C). The third run

(Fig. 3, 3 �C/min) registers changes from 7.8 to 9.0 nm;

and, for the fourth run (Fig. 4, 5 �C/min), the grain sizes

change from 7.7 to 9.0 nm. In the second run cooling cycle

(Fig. 2, 1 �C/min), SAXS results in an almost constant

grain size of 7.8 nm for the entire temperature range,

100–20 �C; the third run (Fig. 3, 3 �C/min) registers

changes from 8.5 to 9.0 nm; and, during the forth run

(Fig. 4, 5 �C/min), the grain sizes vary from 7.2 to 8.1 nm.

We can generally conclude that in the heating–cooling

cycles SAXS gives an average grain size of 7.2–13 nm for

all four runs. In a lamellar picture of PEO [14, 15] these

grain sizes would correspond to lamellae LP2 with no

integrally folded chains [16, 17] when combined with salt

ZnCl2. The DSC spectra for the rates of 1 �C/min, again 1,

3 and 5 �C/min show that the phase transition tempera-

tures, which are determined at the beginning of the peak in

the heating cycle, are 51, 45, 45 and 47 �C, respectively.

These temperatures are the melting temperature of the

PEO crystallites i.e. ‘‘spherulites’’ [18–20]. In the case of

the nanocomposite polymer electrolyte; i.e., the combined

forms of PEO and ZnCl2, ZnCl2 influences the melting

temperature. Both, the SAXS and DSC data show a hys-

teresis, i.e. much lower phase transition temperatures than

65 �C in the cooling cycle. The DSC curve in the cooling
Fig. 2 DSC, WAXD and SAXS results for c-irradiated polyelectro-

lyte (PEO)8ZnCl2 (heating rate 1 �C/min, second run)

Fig. 3 DSC, WAXD and SAXS results for c-irradiated polyelectro-

lyte (PEO)8ZnCl2 from 20 to 100 �C at a heating rate of 3 �C/min

Fig. 4 DSC, WAXD and SAXS results for c-irradiated polyelectro-

lyte (PEO)8ZnCl2 from 20 to 100 �C at a heating rate of 5 �C/min
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cycles 1, 1, 3 and 5 �C/min show phase transition tem-

peratures of 38, 25, 21 and 20 �C, respectively.

The WAXD recordings were done simultaneously with

the SAXS and DSC measurements. Above the phase tran-

sition temperature the WAXD spectra record the amorphous

phase of the polymer electrolyte. The most intensive lines in

WAXD, which are attributed to combined PEO/ZnCl2
crystallites, disappear at 59, 53, 55 and 69 �C for heating

rates of 1, 1, 3 and 5 �C/min, respectively. However, lines of

lower intensity representing the PEO ‘‘spherulites’’ disap-

pear at somewhat lower temperatures. In the cooling cycle,

the strongest WAXD lines reappear at 30, 20, 10 and 0�C for

cooling rates of 1, 1, 3 and 5�C/min, respectively; and, the

lines of lower intensity reappear at lower temperatures.

During the heating and cooling cycles, the WAXD data give

information about the lateral domain sizes or ‘‘spherulites.’’

The radius of nanocrystallites from Eq. 2 ranges from 7.7 to

1.2 nm in all heating–cooling cycles. The WAXD results for

all heating and cooling rates are, together with the SAXS and

DSC data, summarized in Table 1. The different hysteresis at

the phase transition temperatures for different heating and

cooling rates for all the SAXS, WAXD and DSC results are

evident. This demonstrates the importance of using the same

experimental conditions when comparing literature results.

Also, comparing our results from the employed three mea-

surement methods, the obtained differences in the phase

transition temperatures are obvious. The best agreement

between the phase transition temperatures as obtained by

SAXS, WAXD and DSC is achieved during the first cycle

with a heating–cooling rate of 1 �C/min, which suggests that

even slower rates, such as 0.5 �C/min [21], might lead to a

better agreement between the results of these simultaneously

employed measurement methods.

The combination of the three methods, SAXS, WAXD

and DSC, reveals the nature of the physical transformation

of the polymer electrolyte into a super ionic conductor. The

nanocomposite partly crystalline and partly amorphous

polymer matrix transforms into an amorphous highly

conductive phase. In contrast to WAXD, which exhibits

lines and crystalline grains only for the low temperature

crystalline phases, SAXS shows the existence of nano-

grains in both the low and high temperature phases; and the

average grain size changes at the phase transition temper-

ature. The nature of the nano-grains as seen by SAXS is not

just the pure crystalline but also the partly amorphous

form, while WAXD records only pure crystalline nano-

grains. Thus, the highly conductive phase consists of a

completely amorphous polymer matrix, which, as is

known, favours ion-conduction due to elastic movements

of PEO chains. Furthermore, amorphous nano-grains con-

sisting of both PEO/ZnCl2 and ZnCl2 structures could also

contribute to Zn2?-ion conduction by a hopping mecha-

nism. Under proper circumstances, the presence of

ion-transport pathways can be as important as polymer

segmental motion [22–24]. The irradiated polymer elec-

trolyte has, besides higher conductivity [4], a lower phase

transition temperature (54 �C) than (PEO)8ZnCl2 (65 �C)

[25] and the nanocomposite polymer (PEO)8ZnCl2/TiO2

electrolyte (71 �C) [26].

4 Conclusions

The simultaneous SAXS/WAXD/DSC measurements have

shown that the nanostructure of the c- irradiated polymer

electrolyte (PEO)8ZnCl2 changes during the crystalline-

amorphous phase transition into a highly conductive

superionic phase. The conductivity is higher and the phase

transition temperature lower than for non-irradiated

(PEO)8ZnCl2, which is a desirable property for application

in batteries. The significant role that the nano-dimensions

of the electrolyte material play in the Zn2?-ion mobility

was discussed. The combined SAXS/WAXD information

about the evolution of the average grain sizes during the

phase transition gave insight into the nano-morphology,

which influences the ionic transport in a nanocomposite

polymer electrolyte. Further optimizations of the electro-

lyte properties are in progress since these nano-structured

materials are very attractive for batteries or other types of

electronic devices.

Acknowledgments The Ministry of Education, Science and Sport
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Table 1 \R[/nm calculated by Eq. 1 with r = D/2 as determined

from Eq. 2 and phase transition temperatures t (�C) by SAXS/DSC/

WAXD measurements

(PEO)8ZnCl2 ?529 kGy SAXS WAXD DSC

t (�C) \R[ (nm) t (�C) r (nm) t (�C)

Heating

Heating rate (�C/min)

1 54 10.0–13.0 59 5.8–2.4 51

9.0–8.0

1 52 7.9–9.1 53 7.5–7.7 45

7.3–8.0

3 48 7.8–9.0 55 4.5–3.7 45

5 50 7.7–9.0 69 1.4–1.3 47

Cooling

Cooling rate(�C/min)

1 31 8.7–8.8 30 6.5–7.7 38

1 37 7.8 20 – 25

3 32 8.5–9.0 10 1.2 21

5 20 7.2–8.1 0 2.2 20
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S. Bernstorff, Vacuum 84(1), 68 (2008)

J Inorg Organomet Polym

123


	Study of gamma -irradiated Polymer Electrolyte for Zn Rechargeable Nanostructured Galvanic Cells by SAXS/DSC/WAXD method
	Abstract
	Introduction
	Experimental
	Results and Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


