
This article was published in the above mentioned Springer issue.
The material, including all portions thereof, is protected by copyright;
all rights are held exclusively by Springer Science + Business Media.

The material is for personal use only;
commercial use is not permitted.

Unauthorized reproduction, transfer and/or use
may be a violation of criminal as well as civil law.

ISSN 0030-770X, Volume 74, Combined 3-4



ORI GIN AL PA PER

Characterization and Oxidation Behavior
of Rayon-Derived Carbon Fibers

Nathan Jacobson • David Hull

Received: 20 July 2010 / Revised: 10 August 2010 / Published online: 24 August 2010

� US Government 2010

Abstract Rayon-derived fibers are the central constituent of reinforced carbon/

carbon (RCC) composites. Optical, scanning electron, and transmission electron

microscopy were used to characterize the as-fabricated fibers and the fibers after

oxidation. Oxidation rates were measured with weight loss techniques in air and

oxygen. The as-received fibers are *10 lm in diameter and characterized by

grooves or crenulations around the edges. Below 800 �C, in the reaction-controlled

region, preferential attack began in the crenulations and appeared to occur down

fissures in the fibers.
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Introduction

A rayon-derived carbon fiber/carbon composite is used as the heat shield in the

Space Shuttle Orbiter [1]. These rayon-derived fibers are woven into a cloth which

is formed in a two-dimensional lay-up for the carbon/carbon composite. The lay-up

is then repeatedly infiltrated with a liquid carbon precursor to fill porosity, forming

the reinforced carbon/carbon (RCC) composite.

High temperature carbon fibers are fabricated from rayon (cellulose), pitch, or

polyacrylonitrile (PAN) precursors. Today the majority of carbon fibers are from PAN

precursors. The rayon-derived fibers are a first generation fiber, however they have

performed well on the Orbiter for many years. Their thermal expansion characteristics

also allow application of adherent, relatively thick oxidation protection coatings.
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Due to the importance of RCC to NASA’s missions, several aspects of oxidation

behavior of the entire composite have been studied. These include diffusion-

controlled oxidation of the composite through coating pinholes [2] and coating

cracks [3–5] and morphology of oxidation damage in the composite [6]. In this

study, we focus only on the constituent fibers.

The oxidation of carbon in various forms has been extensively studied [7–14]. In

general oxidation of carbon occurs in the following steps:

1. Diffusion of oxygen to the active sites on carbon. This diffusion may occur

either through a stagnant boundary layer, through a protective coating, or both.

2. Reaction of oxygen at the active site generating CO or CO2 and

3. Diffusion of CO or CO2 gas away from the sample.

Generally measurable rates of oxidation begin at *400 �C and are initially rate

controlled by the chemical reaction step [7]. This reaction regime is characterized

by a strong Arrhenius temperature dependence and preferential attack morphology.

The reaction rates, activation energies, and attack morphology are all dependent on

the type of carbon. Above 800–1000 �C, the rate-controlling step is diffusion of the

gas phase reactant to the carbon or gas phase product away from the carbon. This is

characterized by a weak temperature dependence and uniform attack of the carbon.

This transition from reaction-control to diffusion-control is a critical feature of

carbon oxidation and has been discussed by a number of investigators [7–10].

However it has not been measured under laboratory conditions for the rayon-derived

fibers in RCC.

As noted, in the reaction-controlled regime, the attack morphology depends on

the type of carbon. The specific structure, texture, and impurity levels all influence

this morphology [7]. There are numerous studies of reaction-controlled oxidation of

carbon/carbon in the literature [11–13]. Oxidation occurs preferentially along the

fiber axis at the fiber/matrix interface. When fiber ends are exposed, oxidation leads

to a pointed fiber morphology [13].

Ismail [10] has studied the structure and oxidation properties of carbonized

rayon-derived fibers, pitch based fibers, and PAN fibers. The carbonized rayon-

derived fibers had the highest porosity. The Arrhenius plots for oxidation rates for

the pitch-based fibers and rayon-derived fibers showed a change in slope at 850 �C,

indicating a change in mechanism from reaction control to diffusion control. This

contrasts with the PAN based fibers which showed no break in slope. Reaction rates

for the rayon-derived fibers also correlated to alkali content, which the author

indicates catalyzes the oxidation reaction.

Lamouroux et al. [14] have done an elegant study of oxidation of T-300 carbon

fibers (PAN derived fiber, made by Toray, Japan). The observed oxidation behavior

is correlated with the microstructural features of the fiber. The T-300 fibers are

6–8 lm in diameter with an outer nano-porous region, an inner ring of more

crystalline carbon material, and a core somewhat similar to the outer region. The

outer regions are observed to consistently oxidize faster than then the inner regions.

In this study, the rayon-derived fibers are characterized. Oxidation kinetics are

reported for the fiber cloths and the transition from reaction-control to diffusion-

control oxidation is determined. The fibers are characterized in their as-received and
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post-oxidation states. Particular attention is given to selective attack observed in the

reaction control regime. An unexpected mode of attack of the rayon-derived fibers is

reported.

Experimental

Fibers in the form of a cloth were oxidized in a thermogravimetric apparatus (TGA).

This consisted of a vertical tube furnace with a 5 cm hot zone and microbalance

(Cahn 1000). Cloth samples of *0.30 g were placed in an alumina cup with slots

cut in the bottom for gas flow. Tests were done in oxygen or air at a flow rate of

100 cc/min. Weight change and temperature data was collected with an automated

collection system. Rates were taken as the instantaneous slope at 50% consumption,

according to convention [14] for carbon materials. Oxidation rates were measured

every 100� between 500 and 1200 �C.

Fibers were mounted in epoxy and polished with diamond pastes for examination

of both the as-fabricated and post-oxidation samples. Optical micrographs were

taken with a Reichert MeF3A (Optronics) system with a digital camera. Scanning

electron microscopy was done with a Hitachi S4700 Cold Field Emission Scanning

Electron Microscope (FE-SEM). A thin carbon film was evaporated onto the surface

of mounted and polished samples to provide conductivity for the FE-SEM

examination.

The rayon-derived fibers were examined with a Philips CM200 transmission

electron microscope (TEM) operating at 200 kV. The objective was to characterize

the structure from the outer edge of the fiber to the inner core in relation to porosity,

crystallinity, and general organization of the graphite layers.

TEM sample preparation proved to be a major challenge. It was not possible to

prepare individual fibers as any type of clamping material such as epoxy or silicon

milled faster than the fibers. So the composite with carbon fibers in a carbon matrix

was used. The carbon matrix milled at about the same rate as the fibers and thus held

the fiber in place. Standard sample preparation methods were then used. A *1 mm

thick slice was taken from the composite and polished from both cut surfaces to

150 lm thickness with diamond mylar films with decreasing grit sizes of 6, 3, and

1 lm. The thickness was further reduced by dimple grinding using a Gatan 656

Dimple Grinder to 20 lm thickness in the center and then ion milled with Ar ions at

5 kV and 8� impingment angle (Gatan PIPS). One specimen was prepared with a

Hitachi FB-2100 focused ion beam system (FIB).

Results and Discussion

Characterization of the As-Received Fibers

Figure 1 is a FE-SEM longitudinal view of a rayon-derived fiber. The rounded

particulates on the surface are all carbon. Note the grooves or crenulations in the

fibers, which are more apparent in the FIB cross section as imaged in the TEM
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(Fig. 2a). This is characteristic of wet-spun fibers [15]. Selected area diffraction

(SAD) of the fiber shows the classical ring pattern consistent with randomly

oriented fine crystallites (Fig. 2b). The uniformity of the fiber is apparent in both

bright and dark field TEM imaging (Fig. 2c and d, respectively). Dark field TEM

imaging further shows the randomly ordered fine graphite crystallites in more detail

(Fig. 2d) from the fiber edge to the fiber center.

Bright field imaging across the diameter of the fiber showed no dramatic

differences in the arrangement of the carbon layers, except for small (*50 nm)

graphite rings surrounding pores (Fig. 3a). The center of the ring is lighter

indicating less material in the beam path, which is indicative of a pore. The pores

appear to be randomly scattered throughout the fiber. High-resolution lattice

imaging shows the 5–10 layers of carbon forming the ring around these pores

(Fig. 3b).

Figure 4 is an electron micrograph showing the longitudinal fibers actually in a

carbon matrix. Note again the crenulations and the variation in fiber diameters. In

summary, rayon-derived fibers appear to have a surface dominated by crenulations

and randomly oriented fine crystallites throughout. There are also randomly

distributed nano-pores throughout the fiber. This contrasts with PAN derived fibers,

which show a much different behavior with a porous outer shell, an inner

crystallized ring concentric to the outer diameter, and a nano-porous inner core [14].

Oxidation Rates and Post-Oxidation Morphology

A typical oxidation weight loss curve for the fiber cloth is shown in Fig. 5. Weight

loss was linear and a rate was easily determined at 50% weight loss. The time to

achieve 50% weight loss varied from 7.5 days at 500 �C to about 1 h at 1200 �C.

An Arrhenius plot for the fiber cloth is shown in Fig. 6. This is the type of Arrhenius

behavior is expected for carbon and carbon fibers [7–10, 14]. The kinetics at low

temperatures (T \ 800 �C) show a strong temperature dependence, whereas the

kinetics at high temperatures (T [ 800 �C) show a weak temperature dependence.

Fig. 1 FE-SEM micrograph of rayon-derived fibers
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In the low temperature region, the rate-controlling process is a chemical reaction,

which necessarily shows an exponential dependence on temperature. In the high

temperature region, the rate controlling process is diffusion of the reactants to the

sample or diffusion of the products away from the sample. Here the temperature

dependence is determined by the gas phase diffusion coefficient, which is dependent

on temperature with an exponent of 1.5 [16].

Figure 6 shows oxidation rates in both air and oxygen. Note the rates in air are

slower due to the dependence of rate on oxygen partial pressure. While there are not

enough data to obtain a quantitative partial pressure dependence, this approximately

proportional decrease in rates with pressure is expected for the diffusion-control

regime [7]. The partial pressure dependence for the reaction control regime depends

on the particular reaction mechanism [7], but is expected to decrease with

decreasing partial pressure of oxygen.

Fig. 2 TEM of as received rayon-derived fiber prepared by a FIB b selected area electron diffraction
(SAD) pattern showing random crystallinity by continuous ring pattern. c Bright field image of
conventional ion milled as received rayon-derived fiber. d Dark field image showing uniform random
crystallinity

Oxid Met (2010) 74:193–203 197

123

 Author's personal copy 



Also shown in Fig. 6 are the data for T-300 fiber [17]. Note in the diffusion-

control regime, the data are nearly identical to the rayon-derived fiber, as expected.

The T-300 fibers do not show the two regimes, but rather remains in the diffusion-

control regime for the entire temperature range. This has been observed by other

investigators and is explained by a rapid increase in porosity at the beginning of

oxidation, creating a structure where gas phase diffusion is always limited by these

pores [10].

Fig. 3 TEM bright field image showing a *50 nm graphite ring surrounding a pore and b high-
resolution lattice imaging showing graphite ring structure
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As discussed, oxidation of carbon fibers occurs preferentially along the edges

[6, 13] and leads to a general thinning of the fibers. This occurs in both the reaction-

controlled and diffusion-controlled regimes. Figure 7 is a fiber cloth oxidized at

700 �C for 1.1 h. The fibers show a clear reduction in diameter from *10 lm from

the as-received fibers to *5 lm for the oxidized fibers. The small rounded grains

are the surface are gone, leaving a smoother surface with the grooves clearly

delineated. Note also there are small cavities on the randomly spaced on the edges

of some fibers. The diameter reduction as well as the cavities will have significant

impact on the strength of these fibers.

An examination of the sample after 50% weight loss (6.5 h at 600 �C/air) showed

selective attack in the ‘valley’ of the crenulations and into the fissures of the fiber.

This is shown in the polished cross section in Fig. 8. Fracture sections were also

examined, as shown in Fig. 9a–c. Figure 9a clearly shows the layer with the sub-

micron rounded grains is removed, revealing the smooth, grooved surface as shown

Fig. 4 Rayon-derived fibers (A) in a carbon matrix (B)

Fig. 5 Typical weight loss curve for rayon-derived carbon fiber cloth at 900 �C in air. Note the specimen
is consumed at *2 h
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in Fig. 9b. Figure 9b and c clearly show attack at the base of the grooves into the

fibers, as observed in the cross sections.

This type of attack was unexpected and previous studies have indicated uniform

attack along fiber edges [6, 13]. The micrographs suggest that the attack begins in

the ‘valley’ of one of the crenulations and proceeds to open a fissure progressing

through the full diameter of the fiber. Higher magnification TEM micrographs show

multiple fissures with various orientations, as shown in Fig. 10a. Figure 10b shows

material exuding from the fissure. It may be that some type of high volatility carbon-

containing material is released from these fibers on heat-up in oxidizing

environments, which leads to the fissures. These fine details were not observed in

the as-fabricated specimens (Fig. 2a–d).

Fig. 6 Arrhenius plot for oxidation of RCC cloth compared to T-300 carbon fibers

Fig. 7 Rayon-derived fibers oxidized at 700 �C for 1.1 h
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Summary and Conclusions

The oxidation of the rayon-derived carbon fibers has been discussed, with particular

emphasis on the reaction control regime and transition to diffusion-control. The

as-fabricated rayon-derived fibers showed *1 lm crenulations and hollow

Fig. 8 FE-SEM of rayon-derived fibers oxidized at 600 �C for 6.5 h in air. Note the fibers are showing
initial signs of attack in the grooves

Fig. 9 FE-SEM of fracture section of sample oxidized at 600 �C for 6.5 h. a Fibers showing partial
removal of the outer layer of rounded grains. b Fiber bundle showing numerous fissures. c Close up of
fissures

Oxid Met (2010) 74:193–203 201

123

 Author's personal copy 



nano-spheres lined with planes of graphite. Otherwise the fibers appeared to have a

uniform microstructure throughout.

Oxidation was studied from 500 to 1200 �C in oxygen and air. Reaction-

controlled oxidation continues to about 800 �C. In this regime, the matrix oxidized

preferentially to the fibers and the fibers showed attack down fissures, deep into the

individual fibers.

Fig. 10 Sample oxidized at 600 �C for 6.5 h. a TEM view shows numerous fissures. b Higher
magnification shows fine details of oxidation fissures and material exuding from fissure

202 Oxid Met (2010) 74:193–203

123

 Author's personal copy 



Acknowledgment It is a pleasure to thank Donald Humphrey and Terry McCue, both of ASRC/NASA

Glenn Research Center for the kinetic measurements and electron microscopy respectively. Helpful

discussions with Dr. E. Opila of NASA Glenn are appreciated.

References

1. D. M. Curry, J. W. Latchem, and G. B. Wisenhunt, 21st AIAA Aerospace Sciences Meeting (AIAA,

1983).

2. N. S. Jacobson, T. A. Leonhardt, D. M. Curry, and R. A. Rapp, Carbon 37, 411 (1999).

3. J. E. Medford, Prediction of Oxidation Performance of Reinforced Carbond-Carbon Material for
Space Shuttle Leading Edges. Paper 75-730 (AIAA 10th Thermophysics Conference, Denver, CO,

May 27–29, 1975).

4. J. E. Medford, Prediction of In-Depth Oxidation Distribution of Reinforced Carbon-Carbon Material
for Space Shuttle Leading Edges. Paper 77-783 (AIAA 12th Thermophysics Conferencerence, June

27–29, 1977).

5. N. S. Jacobson, D. J. Roth, R. W. Rauser, J. D. Cawley, and D. M. Curry, Surface and Coatings
Technology 203, 372 (2008).

6. N. S. Jacobson and D. M. Curry, Carbon 44, 1142 (2006).

7. P. L. Walker, Jr., F. Rusinko, Jr., and L. G. Austin, in Advances in Catalysis and Related Subjects,

eds. P. D. Eley, P. W. Selwood, and P. B. Weisz, Vol. XI (Academic Press, New York, 1959), p. 133.

8. K. S. Goto, K. H. Han, and G. R. St. Pierre, Transactions ISIJ 26, 597 (1986).

9. D. W. McKee, Carbon 25, 551 (1987).

10. I. M. K. Ismail, Carbon 29, 777 (1991).

11. P. Crocker and B. McEnaney, Carbon 29, 881 (1991).

12. J. Rodriguez-Mirasol, P. A. Thrower, and L. R. Radovic, Carbon 33, 545 (1995).

13. W. H. Glime and J. D. Cawley, Carbon 33, 1053 (1995).

14. F. Lamouroux, X. Bourrat, R. Naslain, and J. Sevely, Carbon 31, 1273 (1993).

15. D. D. Edie and R. J. Diefendorf, Carbon Fiber Manufacturing. in Carbon-Carbon Materials and
Composites, eds. J. D. Buckley and D. D. Edie (Noyes, Park Ridge, NJ, 1993), p. 19.

16. G. H. Geiger and D. R. Poirier, Transport Phenomena in Metallurgy (Addison-Wesley Publishing

Co., Reading, MA, 1973).

17. M. C. Halbig and J. D. Cawley, Modeling the Oxidation Kinetics of Continuous Carbon Fibers in a
Ceramic Matrix. NASA/TM—2000-209651 (January 2000).

Oxid Met (2010) 74:193–203 203

123

 Author's personal copy 


	Characterization and Oxidation Behavior of Rayon-Derived Carbon Fibers
	Abstract
	Introduction
	Experimental
	Results and Discussion
	Characterization of the As-Received Fibers
	Oxidation Rates and Post-Oxidation Morphology

	Summary and Conclusions
	Acknowledgment
	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


