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Abstract Zinc oxide (ZnO) nanoparticles were

immobilized on the surface of regenerated cellulose

films by a wet chemical method in which the

controlled hydrolysis of a Zn(II)-amine complex

leads to the formation of ZnO nanoparticles. Cellu-

lose-ZnO materials were characterized by spectral,

thermal and optical methods. Scanning electron

microscope and atomic force microscope analyses

confirmed the formation of ZnO nanoparticles on the

surface of the regenerated cellulose film and X-ray

diffraction patterns showed the ZnO had the wurtzite

structure. The reported method is very simple, and

can immobilize the nanoparticles without the aid of a

binder or dendritic side group and without high

temperature treatments like calcination. ZnO immo-

bilized on biopolymers like cellulose has many

potential applications such as strain sensors, biomed-

ical sensors, flexible display devices and

optoelectronics.
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Introduction

Cellulose is the most abundant and widespread

biopolymer. Owing to its abundance, biodegradabil-

ity and specific properties cellulose is a very impor-

tant renewable resource for the development of

environmentally friendly, biocompatible and func-

tional materials apart from its traditional and massive

use in papermaking and cotton textiles. Cellulose has

been extensively used in the fields of membrane

separation, pharmaceuticals, cosmetics and the food

industry (Klemm et al. 2005). In recent times,

applications of cellulose based materials in electron-

ics such as actuators, transistors and energy storage

devices have also been reported (Pushparaj et al.

2007; Kim et al. 2006).

On the other hand zinc oxide (ZnO) is a wide band

gap (3.37 eV) semiconductor having a high electron-

hole binding energy (60 meV) and important appli-

cations in electronics, optics, optoelectronics, lasers,

and light-emitting diodes. The piezoelectric and

pyroelectric properties of ZnO make it a great

candidate for sensors, transducers, energy generators,

and photocatalysts for hydrogen production. ZnO is

also a ‘‘green’’ material that is biocompatible,

biodegradable, and nontoxic for medical applications

and environmental science. Nanoscale coating of

ZnO on suitable substrates is also important for

potential applications for sensors, optical communi-

cations, photocatalysts, flexible transistors and solar

cells. Moreover, cellulose containing metal or

A. John � H.-U. Ko � D.-G. Kim � J. Kim (&)

Department of Mechanical Engineering,

Center for EAPap Actuator, Inha University,

253 Yonghyun-Dong, Nam-Gu, Incheon 402-751,

South Korea

e-mail: jaehwan@inha.ac.kr

123

Cellulose (2011) 18:675–680

DOI 10.1007/s10570-011-9523-1



semiconductor nanocomposites have been recognized

as a very promising material in the field of electronics

and catalysis. Recently, metal and semiconductor

nanoparticles attached onto the cellulose fibres have

been the subject of interest. There are few reports

concerning the controlled growth of ZnO particles at

the surfaces of cellulosic fibres (Mumalo-Djokic et al.

2008; Goncalves et al. 2009). Cellulose films coated

with ZnO nanoparticles constitute an important

material for practical applications ranging from the

film and paint industry to the technologically appeal-

ing area of optoelectronic paper. ZnO nanoparticle

coated paper has been prepared by ultrasound assisted

coating and antibacterial activity of that material was

observed (Ghule et al. 2006).

In this report, we demonstrate the growth of ZnO

nanoparticles on the regenerated cellulose films by a

wet chemical method, i.e., controlled hydrolysis of

Zn(II)-amine complexes. Presence of the hydrophilic

groups on the regenerated cellulose can promote the

nucleation and growth of the ZnO nanoparticles.

Cellulose-ZnO hybrid materials are characterized by

spectral, thermal and optical methods and a plausible

mechanism for the formation of cellulose-ZnO hybrid

films is also discussed.

Experimental

Materials

Cotton cellulose (MVE, DPw 7450) was purchased

from Buckeye Technologies Co., USA. Lithium

chloride (LiCl; extra pure) was purchased from

Junsei Chemical, Japan. Molecular sieves (4 Å, 4–8

meshes) were from Acros Organics, New Jersey,

USA. N, N-dimethylacetamide (DMAc) (anhydrous,

99.8%), zinc nitrate and triethanolamine were pur-

chased from Sigma–Aldrich, USA. Anhydrous

DMAc was carefully dried with molecular sieves

for a week before use.

Preparation of regenerated wet cellulose films

Cotton pulp with a degree of polymerization (DP),

4500, was torn into small pieces. To evaporate

absorbed water, the cotton pulp and LiCl (Junsei

Chemical) were dried in an oven at 100 �C. The

cotton pulp was mixed with LiCl/anhydrous DMAc in

proportion to cotton cellulose pulp/LiCl/DMAc as

2/8/90 by mass. The cellulose was dissolved in the

solvent system by heating at 155 �C with mechanical

stirring followed by solvent exchange (El Seoud et al.

2000). Cellulose wet films were cast on glass

substrates using a doctor blade and the films were

treated with a 50:50 (v/v) mixture of isopropyl alcohol

and deionized water to obtain freestanding regener-

ated wet cellulose films. For the comparative study

wet films were stretched mechanically and dried under

a near infrared lamp. This cellulose film will be

mentioned as ‘‘pristine cellulose’’ in this paper.

Preparation of cellulose-ZnO hybrid materials

ZnO particles were allowed to grow on the wet

cellulose films and then wet cellulose-ZnO hybrid

films were stretched (to avoid wrinkles during the

drying process) and dried under a near infrared lamp.

For the ZnO crystal growth on the cellulose film,

0.005 mol of zinc nitrate is dissolved into 500 mL of

deionized water, followed by the dissolution of

triethanolamine (TEA) with the same molar ratio

(Goncalves et al. 2009). To this solution, wet

cellulose films (8 9 8 cm) were added and the

reaction was maintained at 90 �C for a period of

6 h with constant magnetic stirring. After 6 h the

cellulose-ZnO hybrid material was removed and

washed with deionized water and the crystal growth

process was repeated with fresh chemicals. Then the

wet cellulose-ZnO hybrid materials were stretched

mechanically and dried under the near infrared lamp.

Characterization

DMAc regenerated cellulose and cellulose-ZnO

hybrid films were analyzed by UV-visible spectros-

copy, photoluminescence spectroscopy (PL), X-ray

diffraction (XRD), thermogravimetric analysis

(TGA), scanning electron microscopy (SEM), Energy

dispersive X-ray spectroscopy (EDS) and atomic

force microscopy (AFM). UV-Visible spectra of the

films were recorded with a Hewlett Packard (8452A)

diode array spectrophotometer. XRD was recorded on

an X-ray diffractometer (D/MAX-2500, Rigaku), by

using Cu Ka radiation at 40 kV and 30 mA. TGA

was analyzed by using a STA 409 PC/NETZSCH,

and analysis was carried out under inert gas (argon)

and the samples were heated at a rate of 10 �C/min.

676 Cellulose (2011) 18:675–680

123



SEM images of the films were taken with a scanning

electron microscope (Hitachi S-4200, Japan) to study

the morphological difference of the films. AFM

images were taken with a DimensionTM 3100 atomic

force microscope (Digital Instruments).

Results and discussion

Flexible cellulose-ZnO hybrid films were prepared by

a simple and effective wet chemical process. In this

method we found crystal growth on both sides of the

cellulose film as well as inside the cellulose film. This

chemical process involves the alkaline hydrolysis of

Zn(II), in which the regenerated cellulose wet film

acts as a hydrophilic substrate for the heterogeneous

nucleation of ZnO. Figure 1 shows a photograph of

cellulose-ZnO hybrid material, which shows crystal

growth of ZnO on the surface of regenerated cellulose

film. Cellulose-ZnO hybrid films are very flexible.

Obtained cellulose-ZnO hybrid films were character-

ized by spectral, thermal and optical methods.

UV analysis and PL spectra of cellulose-ZnO

hybrid material

An UV-visible spectrum of a cellulose-ZnO hybrid

film was recorded (Fig. 2). An absorption band at

350 nm confirms the formation of ZnO particles on

the regenerated cellulose film. A PL spectrum

(Fig. 3) of a cellulose-ZnO hybrid film was recorded

by exciting at 350 nm, which shows a strong UV

emission at 390 nm (3.2 eV) and a relatively weak

visible emission at 472 nm (2.6 eV). The UV emis-

sion band of ZnO has been well demonstrated to be

related to the exciton emission (Spantel and Anderson

1991). Although the mechanism of green emission by

ZnO crystals has not been clearly identified, models

related to various defects, which can provide recom-

bination centers within the band gap, have been

suggested. A singly ionized oxygen vacancy has been

reported to be responsible for the green emission in

ZnO, and this emission results from the recombina-

tion of a photogenerated hole with the singly ionized

charge state of this defect (Vanheusden et al. 1996).

Fig. 1 A cellulose-ZnO hybrid film
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Fig. 2 UV-visible spectra of a cellulose-ZnO hybrid film and

pristine cellulose
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Fig. 3 A PL spectrum of a cellulose-ZnO hybrid film
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XRD and TGA analyses

XRD patterns were recorded from a cellulose-ZnO

hybrid material and the pristine cellulose precursor.

Figure 4 shows characteristic peaks for the wurtzite

structure of ZnO [3] at 2h value of 31.7� (100), 34.4�
(002), 36.2� (101), 47.5� (102), 56.6� (110), 62.8�
(103), 67.9� (112) and 69.1� (201) in addition with a

broad peak at 21� for the regenerated cellulose.

Relatively sharp peaks show that the ZnO crystals

were well crystallized. In other words, crystallinitity

of the ZnO was not affected by the hydrophilic nature

of cellulose.

TGA pattern of the cellulose-ZnO hybrid film is

shown in Fig. 5. For comparative purposes, the TGA

curve for cellulose is also presented, indicating that

the two main steps observed correspond to the

thermal degradation of cellulose (Dahiya and Rana

2004). Assuming complete degradation of the cellu-

lose occurs by 600 �C, the cellulose-ZnO hybrid

films have *40% ZnO by mass.

SEM, EDS and AFM analyses

To study the surface and cross sectional morphology

of the cellulose-ZnO hybrid materials, SEM analysis

was performed. Figure 6a and b show the surface

morphology of the hybrid material. The ZnO material

on the cellulose film has a fairly narrow size

distribution centered around 250 nm. It is interesting

to observe that the formation of the ZnO lying

parallel to the direction of cellulose fibre in regen-

erated cellulose (Fig. 6b). Cross sectional analysis

shows ZnO nanoparticles were formed not only on

the surface of the cellulose but inside the film as well

(Fig. 6c).

To find the elemental composition of the cellulose-

ZnO film, EDS analysis was performed. Figure 7

shows the EDS pattern of the cellulose-ZnO hybrid

film which confirms the presence of zinc and oxygen.

Figure 8a shows a representative AFM picture of

cellulose-ZnO material, where observed granules by

SEM analysis are aggregates of tiny ZnO nanopar-

ticles. The single line section profile (Fig. 8b) shows

that the height variation is around 100 nm.

Mechanism of the formation of cellulose-ZnO

hybrid films

To understand the mechanism of the cellulose-ZnO

hybrid film formation, two different reactions were

carried out. In the first reaction, wet cellulose film

was introduced to the aqueous solution of zinc nitrate

and TEA and then the temperature was gradually

increased to 85 �C and the reaction mixture was kept

under constant stirring at 85 �C for 6 h. This reaction

yields cellulose-ZnO hybrid films. In the second

reaction, an aqueous solution of zinc nitrate and TEA

was heated to 85 �C and after 1 h wet cellulose films

were introduced to the reaction mixture and the

reaction mixture was kept under constant stirring at

85 �C for another 5 h. In this case, the formation of

cellulose-ZnO hybrid films was not observed because
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Fig. 4 XRD patterns of a cellulose-ZnO hybrid film and

pristine cellulose
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Fig. 5 TGA patterns of a cellulose-ZnO hybrid film and

pristine cellulose
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ZnO particles were precipitated away from the

cellulose surface. This inference clearly explains that

zinc precursor first attaches to the hydrophilic wet

(a) 
1 μm 

(b) 
10 μm 

(c) 
5 μm 

Fig. 6 a, b SEM images of cellulose-ZnO hybrid film surfaces

and, c a cross sectional SEM image of a cellulose-ZnO hybrid

film

Fig. 7 An EDS pattern of the surface of a cellulose- ZnO

hybrid film

Fig. 8 a AFM image and, b section analysis of a cellulose-

ZnO film
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cellulose film and then undergoes alkaline hydrolysis

to produce ZnO nanoparticles, whereas already

formed ZnO nanoparticles do not attach to the wet

cellulose film.

Conclusions

Cellulose-ZnO hybrid materials are prepared by a

simple one pot wet chemical method. This method

can achieve immobilization without the aid of a

binder or dendritic side groups and does not involve

high temperature treatment. PL spectrum showed

strong emission at 390 nm and weak emission at

472 nm. TGA analysis showed the hybrid material

has around 40 wt% of ZnO nanoparticles. SEM

images showed a uniform formation and surface and

cross sectional morphology of the material. The

mechanism of the formation of the cellulose-ZnO

hybrid films was based on the fact that the zinc

precursor first attaches to the hydrophilic wet cellu-

lose film and then undergoes alkaline hydrolysis to

produce ZnO nanoparticles. ZnO immobilized on

biopolymers like cellulose has potential applications

in strain sensors, biomedical sensors, flexible display

devices and optoelectronics.

Acknowledgments This work was supported by Inha

University Research Grant.

References

Dahiya JB, Rana S (2004) Thermal degradation and morpho-

logical studies on cotton cellulose modified with various

arylphosphorodichloridites. Polym Int 53:995–1002

El Seoud OA, Marson GA, Ciacco GT, Frollim E (2000) An

efficient, one-pot acylation of cellulose under homogeneous

reaction conditions. Macromol Chem Phys 201:882–889

Ghule K, Ghule AV, Chen B-J, Ling Y-L (2006) Preparation

and characterization of ZnO nanoparticles coated paper

and its antibacterial activity study. Green Chem

8:1034–1041

Goncalves G, Marques P, Neto CP, Trindade T, Peres M,

Monteiro T (2009) Growth, structure, and optical char-

acterization of ZnO-coated cellulosic fibers. Cryst Growth

Des 9:386–390

Kim J, Yun S, Ounaies Z (2006) Discovery of cellulose as a

smart material. Macromolecules 39:4202–4206

Klemm D, Heublein B, Fink H-P, Bohn A (2005) Cellulose:

fascinating biopolymer and sustainable raw material.

Angew Chem Int Ed 44:3358–3393

Mumalo-Djokic D, Stern WB, Taubert A (2008) Zinc oxide/

carbohydrate hybrid materials via mineralization of starch

and cellulose in the strongly hydrated ionic liquid tetra-

butylammonium hydroxid. Cryst Growth Des 8:330–335

Pushparaj VL, Shaijumon MM, Kumar A, Murugesan S, Ci L,

Vajtai R, Linhardt RJ, Nalamasu O, Ajayan PM (2007)

Flexible energy storage devices based on nanocomposite

paper. PNAS 104:13574–13577

Spantel L, Anderson MA (1991) Semiconductor clusters in the

sol-gel process: quantized aggregation, gelation, and

crystal growth in concentrated zinc oxide colloids. J Am

Chem Soc 113:2826–2833

Vanheusden K, Warren WL, Seager CH, Tallant DR, Voigt JA

(1996) Mechanisms behind green photoluminescence in

ZnO phosphor powders. J Appl Phys 79:7983–7990

680 Cellulose (2011) 18:675–680

123


	Preparation of cellulose-ZnO hybrid films by a wet chemical method and their characterization
	Abstract
	Introduction
	Experimental
	Materials
	Preparation of regenerated wet cellulose films
	Preparation of cellulose-ZnO hybrid materials
	Characterization

	Results and discussion
	UV analysis and PL spectra of cellulose-ZnO hybrid material
	XRD and TGA analyses
	SEM, EDS and AFM analyses
	Mechanism of the formation of cellulose-ZnO hybrid films

	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


