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Abstract Micropowder injection molding (l-PIM) is one

of the most promising processes of mass production for the

fabrication of small complex shaped ceramic or metallic

parts with high sintered density. However, dimensional

accuracy of finished parts is difficult to achieve because of

extremely high shear rates during the injection molding

process. This promotes the separation of powder and binder

even in highly homogeneous feedstocks leading to a par-

ticle density variation in the green part causing anisotropic

shrinkage during sintering. The main objective of this study

is to investigate the effect of the powder particle distribu-

tion in injection molded green metallic microparts with

respect to the molding parameters using synchrotron mic-

rotomography (S-lCT) and three-dimensional (3D) image

evaluation. Image analysis has been performed using the

MAVI software package. To get information about the

allocation of the metal particles along the sample the 3D

CT-scans have been segmented and statistically analyzed

via spatially resolved size distributions. Furthermore, the

spatial arrangement of the particles has been investigated

using the so-called summary statistics from the area of

point process statistics. The results show that variations in

the size distribution of the metal powder particles can be

detected and give consistent evidence for a monotonic

increase in particle size with distance to the injection point.

In order to give recommendations for the choice of

parameters as well as tool construction, knowledge about

the causes for separation effects is essential. This study

shows that S-lCT is a well-adapted analytical tool to

investigate the powder-particle distribution in l-PIM.

Introduction

Micropowder injection molding (l-PIM) allows for

industry-related and low-cost production of small complex

shaped ceramic or metallic microparts with high sintered

density. The process combines the advantages of plastic

injection molding techniques with the traditional powder

metallurgy [1]. It consists of feedstock compounding from

fine powder and thermoplastic polymers, shaping to a green

body via l-PIM and two post processing steps namely

solvent and/or thermal debinding and sintering. These

process steps have been extensively studied and are

described in the literature in detail [1].

The main challenge for the production of microinjection

molded parts is to achieve dimensional accuracy at the end

of the process chain. Due to the multi-phase character of

feedstock systems the type of processing applied can

induce inhomogeneity in green parts and therefore cause

inhomogeneous binder extraction or anisotropic shrinkage

during sintering. This results in visual defects such as

deformations, wrapping, or cracks. Most of these defects

may already appear when the molding compound is

injected into the cavity, because during the injection pro-

cess extremely high shears rates of up to 106 s-1 [2] arise
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due to the high speed and the high pressure applied. This

leads to powder-binder separations or orientation effects of

the powder particles in the flow direction and directly

affects all following processing steps [2, 3]. Unfortunately,

a direct correlation between the precursor material and the

final product is often impossible. Numerous experimental

tests are required to find relationships between the influ-

ence of feedstock properties and processing parameters on

the mold behavior during injection molding and the quality

of resulting parts. Thus, it is essential to know the particle

density distribution in the molded parts to optimize the

process and/or to find the parameter window most suitable

for the quality expected.

In this article, the main focus is put on the phase seg-

regation effects which are generated during the shaping

step of the l-PIM process. The influence of the machine

settings on the resulting particle distribution of metal

powder in the thermoplastic matrix was investigated by

synchrotron microtomography (S-lCT) and the data

acquired was statistically analyzed using the MAVI soft-

ware package [4].

Experimental procedure and methods

Material selection and feedstock preparation

The choice of suitable powder materials for l-PIM

depends mainly on the application [2]. Major attention is

paid to powders with small particle size, which should be

at least about one order of magnitude smaller than the

minimal dimension of the finished micropart [1]. Fig-

ure 1a shows the particle size distribution of stainless

steel powder (17-4 PH, CARPENTER Technology Corp.,

USA) used for our research. The measurement was per-

formed by a Microtrac X-100 laser diffraction particle

size analyzer. The particle size varies from about 3 to

50 lm with an average size of 14 lm. A scanning elec-

tron microscopy (SEM) image of the metal powder is

given in Fig. 1b. The majority of the particles possesses a

spherical geometry close to perfection. These powder

properties (large particle size, spherical shape) allow for a

successful visualization of single particles by synchrotron-

based X-ray microtomography and facilitate subsequent

image analysis [5].

A proprietary binder system based on polyethylene and

wax [6] was used for feedstock preparation. The com-

pounding of the binder components and 63 vol% metal

powder was performed at 125 �C in a kneader machine

(W50 EHT, Brabender, Germany). The mixing rotation

frequency was set to 30 rpm, the compounding time lasted

60 min. After compounding the material was subsequently

granulated for further processing.

Injection molding

Shaping experiments were carried out using a Microsystem

50 injection molding machine (Battenfeld GmbH, Ger-

many) using either isothermal or variothermal process

control. A flexural microspecimen geometry was chosen. In

Fig. 2 a 3D model of this microstructure together with the

gating system is illustrated. The bar type microstructure

shows a quadratic cross section with an edge length of

260 lm and an overall length of 3250 lm (Fig. 2). An

intended break is designed at the beginning of the bar type

test structure that is located at the end of the flow direction.

An overview of the samples studied and the corresponding

injection parameters are compiled in Table 1.

Synchrotron-based X-ray microtomography

Microtomographic scans were performed at the beamline

ID19 of the European Synchrotron Radiation Facility

(ESRF) [7]. With respect to the available synchrotron beam

Fig. 1 a Particle size distribution of the stainless steel powder used

(17-4 PH d90 \ 22 lm, CARPENTER Technology Corp., USA) and

b SEM image of the particles
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time and amount of data only one CT-scan per flexural

microspecimen was prepared. Specific details about hard

X-ray microtomography using laboratory-based or syn-

chrotron light sources are published in [8, 9]. For this

experiment, a high resolution indirect pixel detector as fre-

quently used for synchrotron microimaging was employed

[10]. The system consisted of a visible light microscope

operating with an effective 209 magnification (NA 0.3 of

the front objective) which projected the luminescence image

of a 6.2-lm-thick GGG:Eu (Eu-doped Gd3Ga5O12, grown on

top of an undoped gadolinium gallium garnet substrate)

single-crystal thin film scintillator onto the CCD chip of a

FReLoN camera (type 2k14-e2v) [11, 12]. The detector

operated with an effective pixel size of 0.7 lm. This resulted

in a field of view of 1.4 mm and corresponds approximately

to the first half of the sample length including the intended

break structure. Based on the experiences from a previous

experiment, the detector’s corresponding resolving power is

considered to be sufficient to depict the small features within

the samples [5]. An X-ray photon energy of 27 keV was

selected via a multilayer monochromator. 2000 projection

images were recorded per 180� scan. Reconstruction of the

volume images by means of filtered back-projection was

performed via the ESRF software package PyHST [13, 14].

Image processing

Image processing on the reconstructed tomographic vol-

ume data sets was performed using the MAVI software

package developed by the Fraunhofer ITWM [4]. The vol-

ume images were first smoothed using a 3 9 3 9 3 pixel

median filter and binarized using a manually chosen, global

gray value threshold. In order to separate single powder

particles in the image, the watershed transform was applied

to an inverted Euclidean distance map computed on the

binarized volume images [15]. This well-established strat-

egy often produces inaccurate segmentation results due to

noise and artifacts in the preceding binarization step(s).

Therefore, so-called pre-flooding was employed, see e.g.,

[15, 16], using a volume threshold of 10 pixels to prevent

oversegmentation. These image processing steps are dis-

played in Fig. 3 using an example slice showing a cross

section in the flexural specimen.

From the resulting labeled image, geometric character-

istics of the single particles can be estimated using MAVI’s

‘‘Object Features’’ [4] functionality. In the following sec-

tions, the particle volumes and 3D coordinates (centers of

circumscribed cuboids) will be used. In order to remove

noise and artifacts of the particle separation from the data,

only those particles with a diameter larger than 3 lm will

be included in all following analysis results. This is valid

because it is known from the particle size distribution

measurement (Fig. 1), that the smallest particles are larger

than this value. In Fig. 4 the spatial arrangement of powder

particles inside the investigated section of the flexural

microspecimen is visualized.

In order to investigate changes in the spatial arrange-

ment of the particles along the flow direction, each dataset

was divided into ten stacks of slices, 130 lm thick each,

arranged along the injection direction (Fig. 5). Within each

stack, the maximal cuboid which is completely filled by

material was determined such that each particle centered in

the cuboid is completely contained within the image. The

following statistics were computed for all particles cen-

tered in the respective cuboid (‘‘minus sampling’’ [17]).

Particle size distribution

In order to measure influences of injection parameters on

the spatial particle size distribution, each particle was

characterized in terms of its diameter. The diameter d of a

particle with volume v is computed as the diameter

of an equivalent sphere with the same volume v, i.e.,

Fig. 2 3D model of the flexural microspecimen. The feedstock enters

the cavity at the gating system; the investigated microstructure is

located at the end of flow length

Table 1 List of the different injection molding parameters

Sample ID Processing Nozzle temp. (�C) Mold temp. (�C) Plunger velocity (mm/s)

A2, A3 Variotherm 50/45 50/45 500

A8, A9 Isotherm 45 45 500

A12 Isotherm 45 45 50

The feedstock material contained 63 vol% of metal powder in a polyethylene-wax-based binder system
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d ¼ 6v=pð Þ1=3
. The mean values of the diameters in each

stack are plotted in Fig. 6.

Point process statistics

For further analysis, the point patterns of particle centers in

each sub-region were assumed to be realizations of a

stationary and isotropic point process, i.e., invariant under

translations and rotations of space. A variety of well-

established summary statistics [17] to characterize such

point processes is available. Here, we will only present

results for the nearest-neighbor distance distribution func-

tion G(r). Further summary statistics, in particular Ripley’s

K-function, were also applied. Since they did not provide

additional information on the particle arrangement, the

results are not presented here to ensure clearness.

The nearest-neighbor distance distribution function is

the distribution function of the distance from a point of the

point process to its nearest neighbor, i.e., G(r) is the

probability that the distance from a point to its nearest

neighbor is smaller or equal r.

In practice, G(r) is estimated from the empirical distri-

bution function. However, edge correction techniques have

to be applied since the nearest neighbor of a point might

fall outside the observation window. The so-called nearest-

neighbor estimator [17] which takes only points into

account whose nearest neighbor is closer than the boundary

of the observation window was used.

Fig. 3 Image processing steps, from left to right: a example slice

taken from the gray-scale volume images, b the corresponding

binarized image of the powder particles, and c the separated and

individually labeled particles. (All processing and analysis steps were

performed in 3D, 2D-slices are used for visualisation only)

Fig. 4 Longitudinal cut through the volume data of the separated particles after image processing. The dashed line represents the position of the

intended break. The different color values symbolize the segmentation result, similar to Fig. 3c (Color figure online)

Fig. 5 Longitudinal section along the flexural microspecimen indi-

cating the analyzed ten stacks. The distance in the flow direction

between each vertical line is 130 lm, corresponding to the thickness

of each stack
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The G functions for each of the ten stacks were esti-

mated. From the trend in the particle sizes it is evident that

the whole sample is not stationary. However, by subdi-

viding the sample into sub-regions the deviation from the

static state in each sub-region is small and justifies the

stationarity assumption. The results are shown in Figs. 7

and 8.

Results and discussion

To determine the expected powder-binder separation, the

average particle sizes were determined. The particle size

distributions in all specimens are slightly increasing

(Fig. 6). However, a standard deviation of ±4 lm for the

analysis has to be considered.

To verify the origin of the increase in particle size, we

additionally consider the nearest-neighbor distance distri-

bution function G(r) in each stack and its variation between

the ten stacks. As particles do not overvlap the estimated

nearest-neighbor distance distribution functions show sig-

nificant deviation from complete spatial randomness

toward a more regular spatial distribution (Fig. 7). The

change in the summary statistics with increasing distance

from the injection gate is consistent with the increase in the

particle diameters observed. By considering the shift of

G(r) along the specimen in the flow direction the increasing

trend for the particle size can be ascertained. This trend

was observed in each specimen, but depending on the

considered sample it was differently expressed. Figure 7

exemplarily shows the behavior of G(r) for two specimens

molded with different plunger velocities (Table 1).

To determine the influence of different processing

parameters on the spatial particle arrangement in the

defined sub-regions, the distribution functions of all spec-

imens were compared with respect to the position. Figure 8

displays the results for four different sub-sections. Only

very small differences between the specimens, i.e., differ-

ent processing parameters, are detectable.

Conclusion

The results presented in this article highlight that syn-

chrotron-based microtomography combined with 3D image

analysis is a powerful analytical tool to detect and quantify

powder-binder separation effects. However, concessions

are necessary regarding the minimum particle size: the

spatial resolution of established microtomography systems

is currently not suited to resolve particle sizes below 1 lm

Fig. 6 Metal particle size distributions in flexural microspecimen

along the flow direction: average diameter of the corresponding

sphere as a function of the distance from injection gate. The gray line
represents the position of the intended break

Fig. 7 Distribution functions G(r) of the nearest-neighbor distance

r for four selected stacks in two specimens representing different

plunger velocities
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in combination with a field of view large enough to depict

our samples. Nevertheless, variations in the size distribu-

tion of metal powder particles can be analyzed. Evidence

for a monotonic increase of the particle size with the dis-

tance to the injection gate was found using the MAVI

software package and confirmed by point process statistics

using the nearest-neighbor distance distribution function.

The S-lCT experiments presented refer to a limited section

of the whole flexural microspecimen due to limitations

introduced by the amount of data and available synchrotron

beam time. In future studies, the complete flow length will

be investigated. This is required to optimize the ratio

between the values for the particle size which increase in

the flow direction and the standard deviation of the distri-

bution in each stack. In addition, the particle size and

particle density distribution perpendicular to the flow

direction and the density distribution along the flow

direction are currently under investigation.

This article presents the first step for defining a mea-

surement procedure. The final aim of the research activities

are guidelines for tool construction and the choice of

parameters for the production of defect free, dense mi-

croparts produced by powder-injection molding.

Acknowledgements The authors would like to acknowledge Elodie

Boller (ESRF) for her support at the beamline ID19 and the col-

leagues from KIT for doing the l-PIM experiments. Financial support

by the Deutsche Forschungsgemeinschaft (DFG, German Research

Foundation) in the framework of the Collaborate Research Project

SFB499 is greatly acknowledged.

References

1. German RM (1990) Powder injection moulding. Metal Powder

Industries Federation, Princeton

2. Heldele R, Rath S, Merz L, Butzbach R, Hagelstein M, Hausselt J

(2006) Nucl Instrum & Meth Phys Res B 246:211

3. Gelin JC, Barriere T, Song J (2010) J Eng Mater Technol

132:011017

4. MAVI—Modular Algorithms for Volume Images (2010) Fraun-

hofer ITWM, Department of Image Processing, Kaiserslautern.

http://www.mavi-3d.de. Accessed 25 Jan 2011

5. Rack A, Weitkamp T, Trabelsi SB, Modregger P, Cecilia A et al

(2009) Nucl Instrum & Meth Phys Res B 267:1978

6. Heldele R (2008) Adv Powder Metall Part Mater IV(Part 11)

7. Weitkamp T, Tafforeau P, Boller E, Cloetens P, Valade JP et al

(2010) AIP Conf Proc 1221:33

8. Banhart J (2008) Advanced tomographic methods in materials

research and engineering. Oxford University Press, Oxford

9. Stock SR (2008) Microcomputed tomography: methodology and

applications. CRC Press, London

10. Koch A, Raven C, Spanne P, Snigirev A (1998) J Opt Soc Am A

15:1940

11. Martin T, Koch A (2006) J Synchrotron Rad 13:180

12. Labiche JC, Mathon O, Pascarelli S et al (2007) Rev Sci Instrum

78:0901301

13. Mirone A, Wilcke R, Hammersley A, Ferrero C (2010).

http://www.esrf.eu/UsersAndScience/Experiments/TBS/SciSoft/.

Accessed 20 Jan 2011

14. Kak AC, Slaney M (1988) Principles of computerized tomo-

graphic imaging. IEEE Press, New York

15. Ohser J, Schladitz K (2009) 3D images of materials structures—

processing and analysis. Wiley-VCH, Weinheim

16. Tek FB, Dempster AG, Kale I (2005) Comp Imag Vis 30:441

17. Illian J (2008) Statistical analysis and modelling of spatial point

patterns. Wiley, Chichester

Fig. 8 Comparison of the

distribution functions G(r) of

nearest-neighbor distance r in

the specimens for four selected

stacks

J Mater Sci (2011) 46:3568–3573 3573

123

http://www.mavi-3d.de
http://www.esrf.eu/UsersAndScience/Experiments/TBS/SciSoft/

	Micropowder injection molding: investigation of powder-binder separation using synchrotron-based microtomography and 3D image analysis
	Abstract
	Introduction
	Experimental procedure and methods
	Material selection and feedstock preparation
	Injection molding
	Synchrotron-based X-ray microtomography
	Image processing
	Particle size distribution
	Point process statistics

	Results and discussion
	Conclusion
	Acknowledgements
	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


