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Abstract Aerogels are low density materials which are produced from wet gels,

and find a variety of potential uses. The relative importance of shape/geometry and

self-association of the starting materials for the production of aerogels is studied

herein. Aerogels were produced from microcrystalline cellulose (MCC) and its

functionalized analog, carboxymethyl cellulose (CMC). With increasing function-

alization, CMC gains the potential for self-association, differentiating itself from

MCC. The present study explores the preparation of aerogels from MCC and CMC,

comparing performance with and without significant self-association potential, and

more broadly evaluating the production of low density structural materials from

renewable cellulose. It was observed that the self-association present in CMC

substantially increases aerogel mechanical properties when compared those of non-

interactive MCC. Aspect ratio is proposed to also be an import parameter in the

structure–property relationship for these materials.
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Introduction

As low density, and highly porous materials, inorganic and organic aerogels are

widely studied for their structures, properties, and applications [1]. First reported

by Kistler, silica aerogels were produced by replacing the liquid in solution of

silica gel by air, producing a highly porous solid structure [2]. Useful drying

methods for aerogel production include supercritical drying, ambient-pressure,
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and freeze-drying [3]. Supercritical drying is probably the most commonly used

method at the present time for aerogel production; this process can remove the

synthesis solvent from the wet gel without collapsing its solid state structure [4].

The potential commercial applications which are under development for aerogels

include catalyst supports, insulators, capacitors, sensors, and particle detectors

[5, 6].

Naturally occurring polymers are attractive candidates for the development of

new materials for environmental/sustainability reasons. Aerogels made from

alginate, chitosan, and cellulose have been studied; these renewable materials are

biocompatible, and have potential uses in drug delivery, agriculture, foods, and the

pharmaceutical industry [7–9]. A fundamental understanding of the formation of

such bio-based aerogels has not been reported to date.

Cellulose is the most abundant polymer from nature; much is known about its

structure and properties [10]. Because of the syndiotactic structure of its constituent

anhydroglucose units, cellulose is a linear polymer composed of glucose units

linked by b-1,4-linkages [10]. Two general applications of cellulose are for

structural materials (textiles, wood, and paper) and for its chemical conversion into

other useful materials [11]. Microcrystalline cellulose (MCC) is a highly crystalline,

naturally occurring polymer which can be extracted from alpha cellulose by strong

acid hydrolysis, reducing its degree of polymerization to 200–300 [12]. MCC is a

white, free-flowing powder, which is odorless, tasteless, free from inorganic

contaminants, and insoluble in water [13]. When treated with water, MCC swells

and can be readily dispersed [14]. Moreover, the molecules of MCC swell causing

the expansion of the crystallites [13]. With its excellent properties of solid

flowability, compressibility, biocompatibility, and binding capability, MCC has

been widely used as an additive for direct compression such as medical tablets, and

also used as fillers and binder [13, 15]. Solid MCC compacts well under relatively

low pressure to create tablets which are hard and stable, but will disintegrate when

wet [16].

Chemical modification of cellulose allows for variations of its mechanical and

chemical properties. Carboxymethyl cellulose (CMC) is one of the best-known

derivatives of cellulose [16, 17]. Non-toxic, renewable, biodegradable and

modifiable, CMC is used as a raw material for industrial and biomedical application

including paper, paint, food, and pharmaceuticals [18]. The determination of

substitution of the functional group per unit of cellulose can be determined and

quantified by the degree of substitution (DS) typically ranging from 0 to 3 [14].

With increasing functionalization, CMC gains the potential for self-association,

differentiating itself from MCC. The present study explores the preparation of

aerogels from MCC and CMC, comparing performance with and without significant

self-association potential, and more broadly evaluating the production of low

density structural materials from renewable cellulose. While a number of synthetic

and bio-based polymers have been previously converted into aerogels via

cryoprocessing, to the best of our knowledge, this is the first report of the use of

cellulose as the matrix polymer in such a process.
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Experimental

MCC, Lattice NT�, NT-100, obtained from FMC Corporation was used as received

to produce CMC and to prepare MCC aerogels. All other reagents were obtained

from Fisher Scientific Company, and used as received.

CMC was prepared by a chemical modification procedure adapted from the

preparation of carboxymethylated chitosan [19]. 5.0 g MCC was dispersed in

200 mL isopropanol then 12.5 mL of 10 M NaOH was added dropwise. The

temperature of the solution was then increased to 60 �C for 30 min and 0.7 g

monochloroacetic acid was added. After approximately 3 h, CMC was obtained; the

solids were filtered and dried at 60 �C in vacuo.

Conductimetric titration [20] was used to determine the DS of carboxymethyl

groups. 0.5 g CMC was dissolved in 500 mL deionized water. 0.1 M HCl was

added to the solution until a pH of 3 was achieved, then the solution was titrated

using 0.5 M NaOH. The plateau region in the plot of consumed NaOH solution

(mL) versus conductivity (lS/cm) was used to calculate the DS.

For the production of aerogels, CMC was dissolved in water at the desired level

of solids, whereas MCC required dispersion in by sonicating at 60 �C for 4 h. These

solutions and dispersions were taken into cylindrical molds, frozen in a solid carbon

dioxide/methanol bath, and dried in a Virtis Advantage EL-85 freeze drier, using the

methodology previously reported for a range of polymers [21].

The aerogels were cut into 2.00-mm thick disks for compressive testing (Instron

Model 5565 universal tester equipped with a 1 kN load cell, at head speed of 1 mm/

min). Values reported are the average and standard deviations from five tests.

Imaging was performed on Pd-coated samples using Philips XL-30 Environmental

Scanning Electron Microscope.

Results and discussion

CMC was obtained from the two-phase derivatization of MCC as shown in Fig. 1.

The DS in CMC samples were then determined using conductrimetric titration,

Fig. 2 [22].

The DS of CMC batched produced in this study ranged from 0.22 to 0.36, as is

shown in Table 1. Because the derivatization of cellulose is a heterogeneous

reaction, the resulting DS was dependent upon the reaction time, the speed/

concentration of reagent addition, and the effectiveness of mixing. Approximately

one hydroxyl group was substituted every four repeat units of cellulose under the

reaction conditions employed therein. The literature suggests that the carboxymethyl

C6H9O4-OH + NaOH  C6H9O4-O
- Na+                  (1) 

C6H9O4-ONa + ClCH2COOH  C6H9O4-OCH2COOH + NaCl (2) 

Fig. 1 Derivatization of MCC to produce CMC
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substitution can take place at any of the hydroxyl group positions in cellulose,

typically distributed 40% at 3C, 40% at 6C, and 20% at 2C [22].

Aerogels were successfully produced from both MCC and CMC, using a freeze

drying process that we have discussed previously [6, 21, 23] (Lamison K, Gawryla

MD Schiraldi DA, unpublished results). This process relies on exclusion of solids

from the formation of ice crystals as the aqueous solvent is frozen; the excluded

solids are rejected to the grain boundaries of impinged ice crystals, producing

micron-scale layers which are typically separated by ca. 100 micron galleries,

producing highly porous solids when the frozen water (or other solvent) is removed

by sublimation. Densities of the MCC and CMC aerogels produced in this manner

are shown in Table 2, range from 0.05 to 0.11 g/cm3, and as expected are

proportional to the level of solids present in solution/suspension prior to freezing

[23].

Under compression testing (Table 2, Figs. 3, 4), the moduli of MCC aerogels

significantly increased with increasing solid concentration (5–10% solids). CMC

aerogels exhibited not only a similar modulus/solids concentration trend, but also

exhibited considerably higher moduli than were observed with MCC aerogels.

Density versus modulus results for the MCC aerogels produced in this study are

shown in Fig. 5. The graph presents 3 three sections: moduli around 20, 50, and

150 kPa at density 0.06, 0.09, and 0.11 g/mm3, respectively. This plot shows the

Fig. 2 A typical conductimetric titration for DS measurement

Table 1 Degree of

carboxymethyl substitution in

experimental CMC batches

CMC DS

1 0.28

2 0.22

3 0.36

4 0.28

5 0.36

6 0.25
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scatter distribution of the data while confirming that modulus generally increases

with density for these materials.

A similar plot for the CMC aerogels (Fig. 6a) shows no trend between modulus

and density. It can be assumed that increasing the density of CMC aerogels might or

might not improve the modulus of the aerogels. The DS could potentially have an

effect on the modulus of aerogels, but DS is not homogeneous through entire

cellulosic particles, so wide distribution of data is expected. The plot DS versus

modulus of 5 and 6% (Fig. 6b) of CMC aerogels suggests that even though the

average DS (Table 1) of each batch of CMC is different, no real effect on modulus

is obtained.

Investigated by ESEM, MCC aerogels show isotropic structures, while lamellar

structures are found in CMC aerogels, as shown in Fig. 7. Ice growth and the

structure of the MCC and CMC are factors of the formation of aerogels. Three-

Table 2 Properties of MCC and CMC aerogels

% Solids used Density (g/cm3) Modulus (kPa)

Average SD Average SD

MCC

5.0 0.056 0.004 17 8

5.5 0.064 0.004 15 9

6.0 0.063 0.003 60 55

7.5 0.093 0.009 50 13

10.0 0.106 0.012 120 54

CMC

5.0 0.062 0.010 830 344

6.0 0.073 0.004 1200 530

7.5 0.090 0.011 1033 340

10.0 0.120 0.012 3442 1649

Fig. 3 Modulus of MCC aerogels at various percent solids
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dimensional random structures of MCC aerogels also contain occasional defects

caused by swelling, agglomeration, and dispersion of the MCC. By sonicating in

high temperature, cellulose particles were swelled, allowing water to penetrate into

the crystalline cellulose by disrupting hydrogen bonds [13] and reducing intermo-

lecular interaction between particles. Differences in size of, and in numbers of

hydrogen bonds within MCC particles likely led to varying degrees of hydroscopic

particle swelling. Agglomeration and dispersion of the swollen particles also can

lead to defects within MCC aerogel structures.

Hydroscopic by nature, cellulose would be expected to be surrounded by high

concentrations of water. When an ice front is growing in aqueous MCC, ice crystals

are created within swollen cellulose molecules. The voids in between the particles

result from the low concentration regions among swollen MCC particles, the greater

the distance between particles, the larger the voids produced in the aerogels. The

aerogel properties presented in Table 2 show that the higher the concentration of

solids, the smaller the voids found in the aerogels, in turn leading to the higher

Fig. 4 Modulus of CMC
aerogels at various percent
solids

Fig. 5 Density versus modulus of MCC aerogels
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modulus of the MCC aerogels. The moduli of these aerogels demonstrate that MCC

aerogels are more robust when higher solids content solids are used to produce

freeze dried materials.

Not all the MCC, however, can disperse in water; the affinity of water cannot

overcome the secondary bonding within some particles. Some level of non-

dispersable MCC is inevitable and might affect the properties of the aerogels. The

greater the MCC concentration in water, the greater the level of non-dispersed

particles that can be expected. Agitation was therefore necessary in order to

temporally disperse the swollen MCC. These dispersed particles can persist

sufficiently long in the solution to allow for largely homogeneous freezing of the

mixture. After freeze-drying, these MCC particles would be dispersed within

the aerogels, and might even act as reinforcing fillers to enhance the strength of the

structures, alternatively acting as defects which disrupt the geometric interaction of

the swollen MCC.

Fig. 6 (Top, a), Modulus versus density for MCC aerogels; (bottom, b), modulus versus degree of
substitution for CMC
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CMC aerogels, on the other hand, have lamellar structures because their

solubility in water and their inherent self-association. Ice front growth in the

presence of CMC can simply push polymer chains aside as the freezing process

progresses. With many ice fronts growing in the same direction, layers of ice and

CMC are formed. The layered structures of the CMC aerogels are dependant upon

the freezing direction. After the ice is removed, self-association via hydrogen

bonding can stabilize layers of the CMC. Shrinkage after sublimation to form the

aerogels is observed to be about 6% in the vertical and horizontal directions. From

compression testing, it was confirmed that the moduli of CMC aerogels are higher

than those of MCC aerogels. MCC aerogels show increasing trends in modulus

when the densities of the aerogels increase whereas CMC aerogels do not show any

such trend.

At 5 and 6% solids content, the moduli of CMC aerogels are approximately 50

and 20 times higher than those of the analogous MCC aerogels, respectively. We

propose that chemical interactions of CMC–CMC, serve as strong bridges,

enhancing the strength of the CMC aerogels. In contrast, MCC aerogels which

are formed by sublimation of water around swelling (but not soluble) MCC retain

largely particulate geometries due to a lack of the strong intermolecular attractions

which are present in CMC. Unpublished results studying the structures of poly(vinyl

alcohol) (PVOH) aerogels, show similar trends of aerogel strength as a function of

structure, supporting the conclusions of the current work. Within PVOH aerogels,

Fig. 7 Cross section of (upper left) 5% MCC aerogel parallel, and (upper right) perpendicular to a vial;
(bottom left) 5% CMC aerogel parallel and (bottom right) perpendicular to a vial
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those composed of lamellar structures are stronger than those possessing isotropic

structures (Lamison K, Gawryla MD Schiraldi DA, unpublished results). The results

given in Fig. 6a, demonstrate that even though the density of the CMC aerogels are

increased, they do not necessarily lead to higher moduli. The modulus of CMC

aerogels hypothetically could be dependant on amounts of the intermolecular

hydrogen bonds which act like bridges between molecules.

Gawryla et al. [24] also studied aerogels produced from cellulose whiskers, and

found that at greater than 3 wt% of cellulose whiskers, aerogels from freeze-drying

give isotropic structures. With its high aspect ratio, the moduli of cellulose whisker

aerogels are higher than those of MCC in this project but still lower than those of

CMC aerogels. Therefore, aspect ratio is likely another factor that affects to the

properties of cellulose aerogels.

Conclusions

While both physical geometry and chemical self-association impact the formation of

aerogels, chemical interactions are the key of the strength of these materials.

Cellulosic aerogels present different structures and properties; microcrystalline

(MCC) aerogels exhibit isotropic, three-dimensionally random structures, whereas

by self-association CMC aerogels produce lamellar structures. Comparing under the

modulus of these aerogels, the isotropic structure is weaker than that of the lamellar

structure. The moduli of MCC aerogels also increase with increasing bulk density.

References

1. Hrubesh LW, Poco JF (1995) Thin aerogel films for optical, thermal, acoustic and electronic

applications. J Non-Cryst Solid 188:46–53

2. Kistler SS (1931) Coherent expanded aerogels and jellies. Nature 127:741

3. Schubert U, Husing N (1998) Aerogels–airy materials: chemistry, structure, and properties. Angrew

Chem Int Ed 37:22–45

4. Gutiérrez MC, Ferrer ML, Monte F (2008) Ice-templated materials: sophisticated structures exhib-

iting enhanced functionalities obtained after unidirectional freezing and ice-segregation-induced self-

assembly. Chem Mater 20(3):634–648

5. Hrubesh LW (1998) Aerogel applications. J Non-Cryst Solid 225:335–342

6. Bandi S, Bell M, Schiraldi DA (2005) Temperature-responsive clay aerogel-polymer composites.

Macromolecules 38:9216–9220

7. Horga R, Renzo FD, Quignard F (2007) Photoluminescent porous alginate hybrid materials con-

taining lanthanide ions. Appl Catal A 325:251–255

8. Valentin R, Horga R, Bonelli B, Garrone E, Renzo FD, Quignard F (2006) FTIR spectroscopy of NH3

on acidic and ionotropic alginate aerogels. Biomacromolecules 7:877–882

9. Chang X, Chen D, Jiao X (2008) Chitosan-based aerogels with high adsorption performance. J Phys

Chem B 112:7721–7725

10. Cram DJ, Hammond GS (1964) Organic chemistry, 2nd edn. McGraw-Hill, New York, p 695

11. Klemm D, Philipp B, Heinze T, Heinze U, Wagenknecht W (1998) Comprehensive cellulose

chemistry, volume 1: fundamentals and analytical methods. Wiley-VCH, Germany

12. Milford H, Gerald B, Vesselin M (2001) US Patent 6 228 213

13. Schilling SL (1992) Kirk-Othmer encyclopedia of chemical technology, vol 5, 4th edn. Wiley, New

York, p 482

Polym. Bull. (2010) 65:951–960 959

123



14. Plunguin M (1943) Cellulose chemistry. Chemical Publishing Co., Inc, Brooklyn

15. Shlieout G, Arnold K, Muller G (2002) Powder and mechanical properties of microcrystalline

cellulose with different degrees of polymerization. AAPS PharmSciTech 3(2):1–10 (article 11)

16. Hasani M, Westman G (2007) New coupling reagents for homogeneous esterification of cellulose.

Cellulose 14:347–356

17. Kulpinski P (2007) Cellulose fibers modified by hydrophobic-type polymer. J Appl Polym Sci

104:398–409

18. Ali A, El-Rehim H, Kamal H, Hegazy D (2008) Synthesis of carboxymethyl cellulose based drug

carrier hydrogel using ionizing radiation for possible use as site specific delivery system. J Macromol

Sci A 45:628–634

19. Xiao FL, Yun LG, Dong ZY, Zhi L, Kang DY (2001) Antibacterial action of chitosan and carbo-

xymethylated chitosan. J Appl Polym Sci 79:1324–1335

20. Khan F, Pilpel N (1987) An investigation of moisture sorption in microcrystalline cellulose using

sorption isotherms and dielectric response. Powder Technol 50:239

21. Bandi S, Schiraldi DA (2006) Glass transition behavior of clay aerogel/poly(vinyl alcohol) com-

posites. Macromolecules 39:6537–6545

22. Capitani D, Porro F, Segre AL (2002) High field NMR analysis of the degree of substitution in

carboxymethyl cellulose sodium salt. Carbohydr Polym 42:283–286

23. Somlai LS, Bandi SA, Schiraldi DA, Mathias LJ (2006) Facile processing of clays into organically-

modified aerogels. AICHE J 52:1162–1168

24. Gawryla M, van der Berg O, Weder C, Schiraldi DA (2009) Clay aerogel/cellulose whisker nano-

composites: a nanoscale wattle and daub. J Mater Chem 19:2118

960 Polym. Bull. (2010) 65:951–960

123


	The effects of physical and chemical interactions in the formation of cellulose aerogels
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	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


